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Invasion  and  the 
Final  Challenge 


The  idea  that  our  national  securih'  some 
day  would  depend  upon  the  successful  in¬ 
vasion  of  continental  Europe  by  our  armed 
forces  was  inconcei\able  to  the  average 
,\merican  but  a  few  short  years  ago.  Yet, 
today  our  whole  strength  is  assembled  to 
that  very  action  and  for  assuring  a  sound 
and  permanent  peace. 

America  became  great  without  aggres¬ 
sion  . . .  without  tyranny.  Our  greatness  has 
been  achieved  without  destroying  others . . . 
ours  is  a  historx*  of  unprecedented  indus¬ 
trial  progress,  of  de\'elopment  of  our  oum 
resources  and  reliance  on  our  own  efforts. 

Aggression  is  foreign  to  American  phi¬ 
losophy.  Yet,  today  we  find  ourselves  faced 
with  the  choice  of  destroying  or  being  de¬ 
stroyed.  Today  v\'e  are  confronted  b\-  the 
hard  fact  that  the  kind  of  peace  which  we 
all  so  ferv^ently  desire  can  be  achie\  ed  only 
by  crushing  autocracy  and  by  remo\  ing 
the  causes  of  aggression. 

We  are  now  engaged  in  the  accomplish¬ 
ment  of  the  first  objective.  Since  Pearl 
Harbor  a  complacent,  peace-loving  Amer¬ 
ica— the  largest  of  the  '‘soft''  and  "de¬ 
cadent"  democracies— has  grown  strong 
and  tough.  Out  of  the  inherent  \  irilitv-  of 


a  free  people  we  ha\  e  moulded  the  might¬ 
iest  force  for  inv^asion  and  attack  that  the 
world  has  ever  seen. 

We  have  reached  our  peak  rates  of  war 
production.  W^e  are  producing  as  much 
war  equipment  as  all  the  rest  of  the  world 
combined. 

History  will  record  our  industrial  mo¬ 
bilization  as  a  phenomenal  achievement. 

The  battle  of  production  has  been  won! 

The  full  might  of  our  armed  forces  and 
those  of  our  allies  unleashed  against  the 
Axis  war  machine  will  bring  eventual  vic- 
toiy-.  Two  and  a  half  years  of  intensive 
preparation,  backed  by  168  years  of  growth 
as  a  free  nation,  has  given  us  superiority 
o\'er  twenh'  years  of  painstaking  prepara¬ 
tion  by  the  totalitarian  and  militaristic 
countries  with  their  enslaved  peoples. 

Ever\^  American  has  contributed  toward 
this  powerful  ofFensi\e.  Our  manufactur¬ 
ers  and  business  leaders  have  exerted  theii 
fullest  efforts.  Our  industries  have  mobi¬ 
lized  their  tremendous  resources— tapped 
to  the  fullest  degree  their  inventive  and 
productive  genius.  The  men  and  women 
in  the  factories,  on  the  farms,  and  in  the 
mills  and  mines  have  played  a  magnificent 


OLD  FAITHFUL  GEYSER,  Yellowstone  National  Park.  Geologists  believe  it  btcan 
erupting  before  the  last  glaciation,  about  a  million  years  ago.  Within  record,  Old 
Faithful  has  erupted  continuously  at  about  63-mioute  intervals,  spouting  a  coiunm 
of  water  95—130  feet  high  for  4^2  minutes. 
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Long,  uninterrupted  service  under  all 
operating  conditions  is  the  characteristic 
you  want  most  in  a  capacitor.  Tobe  Capac¬ 
itors  serve  so  well  and  so  long  because 
every  step  in  their  manufaaure  is  chedced 
and  cross-checked  by  rigid  inspeaions. 
Constant  improvement  through  constant 
research  is  the  promise  performed  by 
Tobe  engineers.  An  example  is  the  Tobe 
CA-255  Capacitor,  shown  below,  now 
available  in  a  new  drawn  container  of 
improved  construaion.  Why  not  call  on 
Tobe  for  prompt,  specialized  help  oA 
your  capacitor  problems.^ 


SPECIFICATIONS  ~CA^255 

Mn»rat  Oil  lmpr^nof»d  and  Fillad.  Aluminum  Foil. 

Highust  Grad*  Kraft  Tittum. 

CAPACITY  RATING . . . . .  3  x  .1  mfd. 

VOLTAGE  (working) _ _ _ _ _ _ _ _ _ _ _ _ _...400  V.  D.  C. 

DIMENSIONS:  1  11/16*  wide:  9/16"  deep:  2  7/16*  long,  including  chan¬ 
nel  mounting  bradcet.  Mounting  centera  2Vf".  Three  terminals  Vi"  on 
centers.  Uei^t  of  terminal  %*.  Diameter  of  mounting  holes,  .144. 
FEATURES:  Rugged  Channel  Mounting  Bracket  securely  soldered  to  con¬ 
tainer  .  .  .  Increased  terminal  insulauon  .  .  .  Rigid  terminal  lugs  afford 
ample  space  to  handle  No.  14  stranded  wire  .  .  .  Improved  streamlined 
drawn  container  instead  of  fabricated  can  .  .  .  Type,  capacity  and  voltage 


uons  71-S16-E. 

rt^\JTSQI^^. 


!0BI 


Other  vrduet  rmd  voltufts  muy  he  oh- 
tained  in  above  mentioned  ^  eomtatner 
conilTMCtion.  Send  for  detaUs  of  our 
"OM”  and  *’00”  Capacitori. 
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TALK 


►  SYMBOLS  .  .  .  Here  we  go  again! 

Mr.  Waldemar  Kaempffert,  Science  Editor  of  the 
Sew  York  Times,  has  written  a  proposal  for  the  organ¬ 
ization  of  a  World  Scientific  Commission.  This  was 
published  in  the  magazine  Tomorrow  and  reprinted  in 
New  York  papers  as  an  advertisement  by  the  Inter¬ 
national  Latex  Corporation,  March  23,  1944.  The  gist 
of  the  proposal  is  simply  this,  “give  us  international 
cooperation  in  science  and  soon  there  will  be  coopera¬ 
tion  in  other  fields,  with  the  result  that  science  will 
contribute  to  lasting  peace.” 

The  hopes  of  Mr.  Kaempffert,  dean  of  our  news¬ 
paper  science  writers,  are  undoubtedly  the  hopes  of 
every  true  citizen  of  the  world — the  hope  for  coop¬ 
eration  with  all  other  citizens  so  that  all  peoples  of 
this  globe  can  move  forward  together  in  peace.  This 
is  most  laudable,  and,  without  seeming  to  be  too  cyni¬ 
cal  about  the  prospect,  let  us  state  the  difficulty  of  such 
cooperation  by  citing  again  the  problems  of  getting  a 
very  small  group  of  people  together  on  a  very  small 
matter. 

For  a  long  time,  power  and  communications  engi¬ 
neers  have  been  trying  to  decide  upon  a  common  set 
of  symbols  to  represent  the  essential  components 
which  make  up  electrical  and  electronic  circuits.  Un¬ 
der  the  powerful  stimulus  of  wartime,  considerable 
pressure  has  been  put  behind  this  attempt  at  standard¬ 
ization. 

On  January  22  a  large  meeting  under  the  aegis  of 
ASA  took  place,  attended  by  representatives  of  both 
the  power  and  the  communications  interests  and  also 
by  the  armed  services  who  fervently  prayed  for  a 
quick  decision.  At  this  meeting  a  compromise  set  of 
symbols  was  put  forth  which  seemed  to  be  satisfactory 
to  those  present.  Letter  ballots  were  duly  sent  out 
with  the  request  that  they  be  returned  by  February  16. 
But  by  this  date,  not  all  ballots  had  been  turned  in  and 
some  two  weeks  later  it  developed  that  some  of  the 
power  people  did  not  feel  the  compromise  symbols 
were  satisfactory. 

And  so  another  meeting  was  held  on  March  10th. 
New  compromises  were  set  up  and  at  the  end  of  March 
new  letter  ballots  went  out.  A  month  or  so  from  then, 
Jay  by  the  middle,  of  May,  some  indication  of  the  re¬ 


sults  of  the  ballotting  may  become  evident.  But  sev¬ 
eral  months  will  have  been  wasted  because  a  few  of 
the  power  people  did  not  like  the  compromise  symbols 
advocated  at  the  January  22  meeting.  In  the  meantime 
the  armed  services,  tired  of  being  stalled,  are  showing 
signs  of  plunging  ahead  on  their  own. 

Thus  the  prospect  of  a  world-wide  agreement  on 
scientific  matters  looks  a  bit  difficult — or  are  we  just 
pessimistic? 

►  RENEWALS  .  .  .  What  with  the  present  shortage 
of  paper  and  the  delays  in  the  mail,  it  behooves  every 
subscriber  to  Electronics  who  wants  to  receive  all 
his  copies  to  renew  his  subscription  promptly  upon 
receipt  of  notice.  Otherwise,  someone  on  the  present 
waiting  list  will  begin  receiving  copies  and  it  will  be 
next  to  impossible  to  fill  in  the  lost  issues  when  the 
tardy  renewee  gets  back  on  the  list. 

►  RUBBER  TEETH  ...  At  a  recent  meeting  of  the 
New  York  Society  for  Measurement  and  Control,  Dr. 
Paul  G.  Weiller,  an  electronic  engineer,  brought  up  an 
interesting  point  on  the  use  of  tubes  in  control.  Said 
Dr.  Weiller,  “You  are  probably  getting  all  steamed  up 
about  the  application  of  electronics  to  control  prob¬ 
lems.  Yet  if  you  have  to  connect  a  load  to  a  motor  so 
that  the  load  will  rotate  1/lOth  as  fast  as  the  motor, 
the  sensible  thing  to  do  will  be  to  use  a  set  of  gears. 
Any  good  mechanical  engineer  can  design  this  ar¬ 
rangement  so  that  the  work  will  turn  100  times  per 
minute  if  the  motor  revolves  1000  times  per  minute. 

“Now  let  us  suppose  you  want  to  use  tubes.  You 
must  remember,  right  off  the  bat,  that  electronic  de¬ 
vices  have  ‘rubber  teeth’  and  that  no  matter  how  care¬ 
fully  you  design  and  engineer  your  system,  you  must 
always  provide  for  the  fact  that  individual  tubes  of  a 
given  type  vary  in  characteristics;  that  component 
parts  to  go  with  the  tubes  may  vary  in  electrical 
characteristics  from  ^  to  10  percent  from  the  rated 
normal  value;  and  that  sometimes  the  sum  of  the 
variables  may  all  go  in  one  direction. 

“A  simple  gear  system  or  any  other  simple  system  is 
always  preferable  to  a  complicated  system,  electronic 
or  not.  Gears  do  not  have  rubber  teeth.” 


part  in  the  tremendous  production  pro¬ 
gram.  Citizens  all  are  making  their  con¬ 
tribution  to  the  armed  victory  that  lies 
ahead 

We  have  demonstrated  that  a  free  peo¬ 
ple  under  a  free  enterprise  economy  can 
unite  in  a  common  purpose. 


When  the  war  is  won,  we  shall  be  faced 
by  our  second  objective  .  .  .  removing  the 
causes  of  aggression.  This  is  a  social  chal¬ 
lenge.  A  challenge  to  those  who  would 
sacrifice  our  democratic  way  of  life  for 
personal  gains  or  foreign  ideologies. 

The  best  insurance  for  the  continuance 
of  our  democracy  is  a  successful  democ¬ 
racy.  That  means  a  dynamic  and  not  a 
static  democraev.  All  of  us  who  want  to 
preserv'e  the  ideals  that  have  made  Amer¬ 
ica  .. .  and  that  includes  all  but  a  handful 
of  extremists  .  .  .  must  determine  to  find 
the  policies  and  programs  which  will  per¬ 
mit  us  to  make  the  most  of  the  abundance 
nature  has  provided  for  us. 

To  achieve  this  end  we  must  recognize 
the  fact  that  we  are  but  a  wheel  in  the 
machinery  of  world  economy.  A  wheel 
that  must  drive  or  be  driven.  A  wheel  that 
must  mesh  smoothly  with  the  many  other 
wheels  or  be  stripped  of  its  cogs. 

We  are  the  only  nation  on  earth  free 
enough  and  strong  enough  to  shape  the 
mould  of  its  own  destiny.  We  can  be  ham¬ 
pered  by  nothing  but  our  own  confusion. 


The  mind  and  the  heart  of  all  America 
today  brood  over  the  shores  of  Britain  and 
watch  over  the  narrow  waters  that  wash 
the  beaches  of  the  Continent.  And  the 
prayers  of  all  America  go  with  each  of 
those  who  embark  upon  that  epic  passage. 

Those  of  us  at  home  who  are  producing 
the  fighting  tools  and  who  are  so  earnestly 
concerned  with  the  problems  that  will 
face  a  postwar  America,  should  see  now, 
even  if  we  may  never  have  seen  it  before, 
that  all  our  plans  will  be  worth  just  exactly 
what  the  men  and  women  who  make  that 
passage  are  prepared,  competent,  and  in¬ 
spired  by  their  leadership  to  make  them 
worth. 

For  those  men  and  women  are  America! 

They  have  gone  out  from  rich  homes 
and  poor  homes  alike,  from  farms  and  fac¬ 
tories,  from  schools  and  churches,  from 
mines  and  ranches,  from  offices  and  studi¬ 
os,  to  take  their  places  in  the  battle  line. 
They  are  a  cross-section  of  the  America 
that  is  to  be. 

WTioever  may  draw  the  plans  for  that 
America,  it  is  those  men  and  women  who 
will  make  the  plans  good.  Invasion  is  their 
first  step  tow  ard  that  end.  May  their  work 
be  speedily  done,  and  may  our  plans  be 
worthv  of  that  work. 


►  SYM 
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President,  AIcGraw-Iiill  Publishing  Conipan\’,  Inc. 


ELECTRONIC 


Circuit  development  involves  three  steps:  conception,  the  working  model  and  the  final 
engineering  design,  all  affected  by  normal  tolerances  of  parts 


Electronic  units  for  field  use.  like  this  BC454B  radio  receiTor  for  radio  cosunad 
sets  in  airplanes,  must  be  designed  to  toko  into  account  the  normal  tolerance 
Toriations  in  electron  tubes.  These  standord  tolerances  ore  set  forth  in  lolnt 
Arm^-Ncnry  Specificatton  JAN-IA  for  Radio  Electron  Tubes 


By  S.B.  INBRAM 

EUctromes  Rtsemrch  Engineer 
Bell  Telephone  Le^oratories 
New  York.  N.  Y. 

This  is  an  electronic  war.  Many 
workers  in  pure  science, 
drafted  by  government  agencies, 
find  themselves  suddenly  charged 
with  the  engineering  design  of  a 
practical  electronic  circuit.  This 
article  traces  the  nature  of  the 
three  general  steps  required  in 
the  development  of  an  electronic 
circuit:  conception,  the  construc¬ 
tion  of  a  working  model,  and  final 
engineering  design. 

In  general,  the  circuit  designer 
has  a  function  which  he  wishes  his 
circuit  to  perform.  He  has  avail¬ 
able  an  array  of  components:  ca¬ 
pacitors,  inductors,  resistors, 
transformers,  switches,  relays  and 
perhaps  non-linear  elements  such 
as  saturable  reactors — and  finally, 
electron  tubes. 

The  conception  of  the  circuit  is 
the  intellectual  exercise  of  origi¬ 
nating,  on  paper,  a  device,  which 
the  originator  believes  will  per¬ 
form  the  function  required.  If 
the  designer  is  wise,  he  will  give 
the  circuit  a  thorough  mathemati¬ 
cal  analysis  at  this  stage  as  an 
aid  to  understanding  its  future 
operation. 

The  next  step  is  to  build  a  work¬ 
ing  model.  For  the  engineer  inter¬ 
ested  in  tangible  results,  the  pro¬ 
duction  of  the  model  is  merely 
the  application  of  the  scientific 
method  to  his  particular  problem. 

In  general,  unless  the  circuit  is 
exceedingly  simple  and  conven¬ 
tional,  the  first  model  will  not 
work  satisfactorily  in  all  respects. 
Then  it  must  be  subjected  to  a 
more  thorough  analysis  to  deter¬ 
mine  how  it  works  in  its  various 
sections,  how  its  parts  interact  and 
how  its  behavior  differs  from  the 
theoretical  behavior  expected  on 


the  basis  of  the  original  considera¬ 
tions.  For  this  analysis,  all  the 
tools  of  the  trade  are  required — 
meters,  oscilloscopes  and  other 
measuring  instruments.  The  an¬ 
alysis  will  generally  explain  the 
discrepancy  in  performance  and 
will  probably  also  suggest  an  alter¬ 
native  method  of  arriving  at  the 
desired  result. 

Both  theoretical  and  experi¬ 
mental  methods  of  analysis  must 
be  used  and  must  go  hand  in  hand. 
In  this  manner  an  actual  circuit 
can  be  evolved  which  does  what  it 
is  supposed  to  do  and  for  reasons 
which  are  understood. 

Engineering  Design 

It  is  too  often  assumed  that 
when  a  successful  working  model 
has  been  built  the  job  is  done  and 
to  put  the  circuit  into  production 
requires  only  the  building  of  a 
number  of  other  models  just  like 
the  first.  The  fallacy  lies'in  as¬ 
suming  that  whole  circuits  can  be 
exactly  duplicated,  when  the  com¬ 


ponents  which  they  employ  involve 
manufacturing  variations  and  tol¬ 
erances. 

The  engineering  design  of  a  de¬ 
vice  consists  of  making  sure  that 
all  subsequently  produced  units 
will  satisfy  the  performance  speci¬ 
fication  when  made  out  of  com¬ 
ponents  which  vary  over  the  entire 
range  of  their  own  manufacturing 
tolerances.  Component  part  man¬ 
ufacturing  tolerances  are  fixed  by 
the  limits  contained  in  the  accept¬ 
ance  specification  of  the  compo¬ 
nent  in  question. 

Having  conceived  the  circuit  and 
constructed  a  working  model,  the 
designer  should  try  to  make  the 
circuit  fail  to  perform  by  select¬ 
ing  adverse  combinations  of  com¬ 
ponents  and  operating  conditions. 
If  he  does  not  do  this,  his  manu¬ 
facturing  department  or  the  users 
of  the  equipment  will  do  it  for 
him  later  to  his  embarrassment. 
If  adverse  combinations  of  compo¬ 
nents  make  it  impossible  to  satisfy 
the  requirements  of  the  perform- 
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ance  specification,  consistency  be¬ 
tween  the  specifications  of  the 
components  and  the  equipment 
oust  be  established  either  by  re¬ 
laxing  the  requirements  of  the 
performance  specification  or  re¬ 
ducing  the  specified  tolerances  on 
the  components.  Only  when  such 
consistency  has  been  established 
can  the  engineering  design  of  the 
circuit  be  considered  complete. 

Tab*  SpecMcatlMa 

Each  of  the  circuit  components 
must  have  its  own  specification 
which  describes  its  nominal  char¬ 
acteristics  and  the  permissible 
manufacturing  tolerances.  In  . 
drafting  tube  specifications,  for 
example,  it  is  necessary  first  to  de¬ 
termine  which  of  the  characteris¬ 
tics  are  important  in  circuit  opera-  - 
tion,  then  select  tolerances  con¬ 
sistent  with  circuit  requirements. 

If  a  circuit  is  being  designed 
around  tubes  which  already  exist 
and  whose  characteristics  are 
specified,  the  burden  is  on  the  cir¬ 
cuit  designer  to  see  that  his  circuit 
can  tolerate  variations  over  the 
whole  range  permitted  by  the  tube 
specifications. 

It  is  interesting  to  note  that  the 
Joint  Army-Navy  Specification  on 
tubes  contains  a  statement  that 
“equipment  using  the  radio  elec¬ 
tron  tubes  covered  by  this  specifi¬ 
cation  shall  be  designed  so  that 
all  tubes  meeting  this  specification 
will  perform  satisfactorily  in  the 
normal  service  for  which  the 
equipment  is  designed.” 

This  is  not  by  any  means  a  new 
conception.  It  is  simply  the  elec¬ 
trical  analogue  of  the  concept  of 
various  ‘^classes  of  fit”  in  mechan¬ 
ical  engineering.  The  American 
standard  on  screw  threads,  for  ex¬ 
ample,  specifies  tolerances  on  the 
dimensions  of  the  threads  of  nuts 
and  bolts  so  that  for  a  Class  1,  2  or 
3  fit  any  bolt  falling  within  the 
tolerances  of  its  specification  may 
be  fitted  to  any  nut  falling  within 
the  tolerances  of  the  correspond¬ 
ing  nut  specification  without  the 


application  of  undue  force  or  pro¬ 
fanity  by  the  mechanic  whose  job 
it  is  to  put  them  together. 

It  is  true  that  in  mechanical  en¬ 
gineering  a  procedure  known  as 
selective  assembly,  in  which 
matched  parts  must  be  selected 
and  assembled  by  a  process  of  cut 
and  try,  is  well  recognized.  But 
the  Services  have  said  before  and 
continue  to  say  in  broadsides  to 
manufacturers  of  electronic  equip¬ 
ment,  in  which  one  can  detect  a 
slight  note  of  desperation,  that 
they  do  not  want  any  electronic 
equipment  which  some  doughboy 
is  going  to  be  called  upon  to  put 
together  under  gunfire  by  a  process 
of  selective  assembly.  It  is  the 
joint  responsibility  of  the  design¬ 
ers  of  electronic  circuits  and  tubes 
‘to  see  that  it  isn’t  necessary. 


QUESTIONS 
to  Ask  Yourself 

WUl  th*  circuit  work  whos  you  put  in  a 
iporo  tub*? 

Will  all  tho  modoU  work  whon  you  put 
in  any  of  tho  Bparo  tubos? 

You  know  tho  toloranco  limits  of  tho  ro- 
sistors  and  capacitors,  but  do  you  know  tho 
limits  of  ttys  tubos  in  tho  circuit? 


Tubes  hold  a  unique  position 
among  the  components  of  a  circuit 
because  they  are  generally  the  only 
components  which  are  replaceable 
items.  Resistors,  transformers 
and  other  parts  are  usually  sol¬ 
dered  in  for  the  life  of  the  equip¬ 
ment.  Their  replacement  is  a  re¬ 
pair  job  to  be  performed  by  an 
expert.  On  the  other  hand,  re¬ 
placement  of  a  tube  is  a  more  fre¬ 
quent  procedure  and  the  equipment 
must  work  with  any  spare  tube 
which  is  inserted,  and  any  spare 
tube  means  any  tube  which  meets 
the  requirements  of  the  specifica¬ 
tion  under  which  it  was  accepted. 

In  many  tube  specifications 
there  is  a  tendency  to  fall  back 
on  operation  tests,  that  is,  satis¬ 
factory  performance  in  a  sample 


unit,  as  an  over-all  control  of 
quality.  Operation  tests  have  the 
weakness  that  they  prove  only  that 
a  given  tube  will  operate  in  a  given 
unit.  They  give  no  assurance  that 
the  same  tube  will  operate  in 
another  unit  with  a  different  com¬ 
bination  of  components. 

ExpariMMtal  Proeadar* 

The  process  of  establishing  con¬ 
sistency  between  the  specification 
of  components  and  the  overall  cir¬ 
cuit  specification  can  be  carried 
out  by  a  variety  of  means.  In 
many  cases,  circuit  operation  can 
be  sufficiently  well  subjected  to 
mathematical  analysis  that  the 
effect  of  variations  in  tube  char¬ 
acteristics  on  over-all .  perform¬ 
ance,  for  instance,  can  be  pre¬ 
dicted.  In  other  cases,  effects 
similar  to  those  resulting  from 
variations  in  characteristics  may 
be  produced  by  substituting  tubes 
known  to  have  characteristics  near 
the  extreme  specified  limits.  Varia¬ 
tions  in  characteristics  can  fre¬ 
quently  be  simulated  by  artificial 
means.  For  example,  a  small  ca¬ 
pacitance  may  be  introduced  to 
represent  a  variation  in  the  inter¬ 
electrode  capacitance  of  a  tube,  or 
a  small  direct  voltage  from  a  po¬ 
tentiometer  may  be  inserted  in 
series  with  a  grid  to  investigate 
the  effect  of  a  variation  in  grid 
characteristic. 

Obviously,  considerations  as 
general  as  those  given  here  will  be 
found  subject  to  many  practical 
limitations  when  applied  in  a  va¬ 
riety  of  actual  cases.  Under  pres¬ 
sure  of  war  schedules,  it  may  fre¬ 
quently  be  impossible  to  do  a  one 
hundred  percent  job  in  applying 
ideal  design  principles.  Never¬ 
theless,  any  effort  spent  by  the  de¬ 
signer  in  assuring  himself  that  the 
circuit  is  capable  of  accommodat¬ 
ing  the  characteristic  variations 
known  to  exist  in  the  components 
is  time  well  spent,  since  just  that 
many  causes  of  operation  or  manu¬ 
facturing  trouble  will  be  fore¬ 
stalled. 
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Police  Satellite  System 


FM  signals  from  39-Mc  mobile  transmitters  are  automatically  relayed  to  a  central  point 
by  two  118-Mc  mountain-top  stations  wben  cars  are  in  remote  areas.  The  design  of  60- 
degree  comer  reflector  receiving  antennas  used  to  avoid  interference  is  discussed  in  detail 


By  E.  S.  NASCHKE 

Superviting  Radiotelephone  Operator 
California  Highttap  Patrol 
Sacramento,  CaliJ. 


Repeater  stations  transmitting 
on  118,550  kc  have  recently 
been  installed  at  Mt.  Diablo  and 
Blue  Canyon,  California,  to  pro¬ 
vide  better  reception  in  Sacra¬ 
mento  of  mobile  police  units  operat¬ 
ing  on  39,780  kc  in  remote  areas. 

Sacramento  and  the  two  repeater 
transmitter  sites  are  nearly  in  a 
straight  line  with  respect  to  each 
other,  lacking  only  about  15  deg  of 
being  so  situated.  The  city  lies 
approximately  65  miles  southwest 
of  Blue  Canyon  and  52  miles  north¬ 
east  of  Mt.  Diablo. 

Both  repeater  station  sites  over¬ 
look  the  Sacramento  Valley  and  this 
created  a  problem.  It  was  found 
that  transmissions  from  FM  mobile 
units  working  in  certain  areas  near 
the  two  automatic  stations  some¬ 
times  turned  on  both  repeater 
transmitters.  However,  satisfac¬ 
tory  limiter  action  would  not  al¬ 
ways  be  realized  in  both  control  re¬ 
ceivers  and  the  transmission  from 
the  repeater  station  so  affected 
would  be  more  noise  than  intellig¬ 
ible  signal. 

Since  the  carrier  strength  of  the 
10-watt  Mt.  Diablo  and  Blue  Can¬ 
yon  FM  transmitters  is  substan¬ 
tially  the  same,  the  ultimate  signal 
realized  at  the  loudspeaker  con¬ 
nected  to  the  Sacramento  receiver 
was  in  many  cases  unintelligible. 
This  fact  caused  no  end  of  difficulty 
to  the  operators  on  duty  at  the  mon¬ 
itoring  point. 

This  problem  led  to  a  search  for 
undirectional 
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FIG.  la — One  oi  the  two  unidirectional  118-Mc  arroyi  need  at  Sacroonento  ior 
receiTing  signals  relayed  by  the  Mt.  Diablo  and  Blue  Canyon  repeater  stations. 
Use  of  a  coaxial  antenna  permits  the  entire  assembly  to  be  built  around  a  single 
support-point,  iacilitoting  orientation 

FIG.  lb — -Details  of  the  receiTing  array  pictured  in  Fig.  la.  The  frame  is  con¬ 
structed  of  maple  and  birch.  The  two  wooden  members  fcntened  to  the  coaxial 
ontenno  are  lacquered,  and  other  supports  are  protected  by  two  coats  oi  outside 
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for  use  at  Sacramento,  one  to  re¬ 
ceive  Mt.  Diablo  and  block  out  Blue 
Canyon,  and  the  other  to  receive 
Blue  Canyon  and  discriminate 
against  Mt.  Diablo. 

AnteaM  Array  Datign 

Circumstances  made  it  desirable 
that  each  antenna  system  match  the 
input  of  available  FM  receivers; 
that  it  require  little  space  for 
mounting  and  be  unaffected  by 
weather.  Before  the  final  design  re¬ 
sulted,  experiments  were  conducted 
with  three-element  reflector-director 
arrays  and  simple  parabolic  reflec¬ 
tors,  with  little  or  no  success. 

First  experiments  with  a  square- 
comer  reflector  also  left  much  to 
be  desired.  The  chief  difilculty  ex¬ 
perienced  with  experimental  mod¬ 
els  was  the  lack  of  sufficiently  high 
front-to-back  ratio.  While  field 


strength  ratios  of  two-to-one  in  the 
case  of  frequency-modulated  sig¬ 
nals  are  usually  sufficient  to  cause 
the  elimination  of  the  weaker  sig¬ 
nal,  reflections  from  nearby  steel 
objects  and  buildings  prevented 
realization  of  the  desired  results. 

Later,  attention  was  drawn  to 
data  on  square-comer  reflectors  by 
Kraus‘  and  Terman*.  Accordingly, 
a  sixty-degree  corner  reflector  an¬ 
tenna  was  designed,  utilizing  this 
data. 

First  trials  with  this  antenna 
were  disappointing.  The  same  dif¬ 
ficulty  as  before  was  experienced — 
too  low  front-to-back  ratio.  How¬ 
ever,  the  addition  of  auxiliary  re¬ 
flector  and  director  elements  placed 
a  quarter  wave  behind  and  a  quar¬ 
ter  wave  in  front  of  the  coaxial  ele¬ 
ment  gave  surprising  results.  It 
was  possible  to  eliminate  one  of  the 


TABLE  I  - 

Relative  Signal  Strenj^s  for  Various  Positions  of 
Antenna  Array  With  Respect  to  Distant  Transmitter 


1 

1 

METER  READINGS  (See  text) 

ANTENNA  POSITION  | 

With  Aux. 
Director 
(#» «) 

Without  Aux. 
Director 
(mo) 

Maximiinn  Rignol . 

9.5_.  . 

9^ 

Minimum  signal . 

•  i  ^  6 

Midway  between  minimum  and  maximum 
agnaJ  positions . 

1 

i 

6 

repeater  transmitter  signals  while 
receiving  the  other. 

Later  tests  proved  that  the  auxil¬ 
iary  reflector  element  was  unneces¬ 
sary  and  so  it  was  eliminated  in  the 
final  design.  Figure  la  shows  how 
it  was  possible  to  build  such  an  an¬ 
tenna  system  using  a  single  sup¬ 
port,  and  Fig.  lb  shows  the  dimen¬ 
sions  of  the  various  elements  of  the 
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FIG.  3 — Fiald-itrmgui  pattam  of  tho 
60-deg  cornor  rofloctor  array  and.  for 
comporiion.  tho  pattern  of  tho  coaxial 
antenna  olono 
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FIG.  2 — Tho  two  ro- 
colTing  attayo  on  a 
Socramonto  rooftop. 
Sinco  tho  photographs 
woro  tokon.  tho  array 
at  tho  loft  has  boon 
moTod  along  tho  wall 
to  tho  loft  to  docrooso 
absorption  of  tho  signal 
rocoiTod  from  Mt. 
Diablo  by  a  noorby 
▼ortical  antenna 


Metal-heating  by  the  induction  metliod  has  hecome  an  important  process  in  armament 
plants.  Some  of  the  many  applications  that  have  accelerated  war  production  of  bombs, 
shel!s,  and  cartridge  cases  are  shown  in  the  accompanying  photographs 


An  induction-hsating  unit  broMs  adaptor!  on  105-nun  chomicol 
ibtlh  in  on*  iorq*  Dotroit  plant  without  heating  th*  sldowolls 
oi  the  ihell.  Th*  raachin*.  mad*  by  Tocco  DiTision  of  Ohio 
Crankshait  Co.,  hai  an  output  of  140  th*lli  p*r  hour 


Two  )igi  support  3-in.  st**!  cartridge  cases  while  they  are 
mouth-anneoled  at  1300  deg  F  ior  lour  seconds.  This  induction¬ 
heating  machine  has  two  stations  and  an  output  oi  1.000  coses 
per  hour.  Hardness  before  treatment,  98  RJ.r  after.  70  RJ. 
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Induction-heating  tail  ends  oi  500-lb 
bombs  to  2100  deg  F  before  spinning. 
One  man  operates  two  machines,  each 
with  two  inductors,  and  feeds  o  bomb 
to  the  spinner  every  49  seconds.  Fur¬ 
nace  heating  would  require  5  or  6 
minutes 


Heating 

of 

Shells 


•ystem.  Figure  2  shows  how  the 
two  required  antenna  systems  look 
on  the  roof  of  the  receiving  station 
in  Sacramento. 


Test  RMiltt 

Table  I  and  Fig.  3  illustrate  the 
effect  of  rotating  either  antenna 
system  with  respect  to  the  trans¬ 
mitter  which  it  normally  receives, 
together  with  the  effect  of  remov¬ 
ing  the  auxiliary  director  element 

The  meter  readings  given  were 
taken  in  the  grid  circuit  of  the 
first  455-kc  i-f  amplifier  of  a  Mo¬ 
torola  FSR-16B  ■  receiver.  (See 
meter-switch  position  No.  1  in  Fig. 
8,  p.  106,  Electronics,  January 
1944.  The  118-Mc  receivers  re¬ 
ferred  to  herein  are  essentially  the 
same.  For  118-Mc  operation  a  high- 
frequency  converter  unit  is  added 
to  the  front  end.) 

Initial  antenna  gain  estimates, 
based  on  receiver  sensitivity  curves 
furnished  by  the  manufacturer, 
indicated  an  antenna  gain  of  15 
times,  or  23  db.  The  indicated  front- 
to-back  ratio  was  52.5  to  1,  or  ap¬ 


proximately  34  db.  More  precise 
measurements  of  the  gain  of  the 
antenna  array  and  front-to-back 
ratio  have  since  been  made,  utiliz¬ 
ing  a  Ferris  Microvolter  as  a 
standard  signal  generator.  These 
measurements  show  a  20  db  gain 
over  the  dipole  antenna.  The  meas¬ 
ured  front-to-back  ratio  is  30  db. 

It  will  be  noticed  from  Fig.  3  that 
the  angle  of  maximum  signal 
strength  is  broad,  whereas  the  an¬ 
gle  of  minimum  signal  strength  is 
relatively  sharp.  In  adjusting  the 
two  receiving  arrays  at  Sacramento 
best  results  were  obtained  by 
orienting  them  for  minimum  signal 
from  the  undesired  station. 

Installation  of  the  two  direc¬ 
tional  receiving  arrays  has  proven 
well  worth  while.  It  not  only  has 
reduced  the  number  of  unintelligi¬ 
ble  messages  caused  by  interfering 
signals  but  has  also  improved  the 
signal-to-noise  ratio  and  the  tone 
quality  on  signals  received  through 
the  repeater  stations.  This  latter 
fact  is  attributed  to  increased  satu¬ 
ration  of  the  limiters  in  the  118-Mc 
FM  receivers. 

Sysfcm  Qperatiea 

The  audio-frequency  output  from 
each  of  the  two  118-Mc  receivers 
used  at  Sacramento,  shown  in  Fig. 
4,  is  brought  into  the  control  room 
on  separate  lines  and  fed  into  two 
separate  speakers  through  a  control 
network.  A  39,780-kc.  FM  receiver 


used  to  pick  up  transmissions  di¬ 
rect  from  local  cars  is  also  fed  into 
the  monitoring  position,  shown  in 
Fig.  5,  and  operates  a  third  speaker. 

It  has  been  found  that  by  placing 
the  three  speakers  along  the  top  of 
the  operating  desk  and  separating 
them  from  12  to  18  inches,  the  oper¬ 
ator  is  able  to  tell  by  audible  means 
which  speaker  is  producing  the  best 
signal.  This  being  determined,  the 
operator  presses  the  lever  switch  at 
his  left  corresponding  to  the 
speaker  producing  the  best  signal. 
This  silences  the  remaining  speak¬ 
ers. 

A  fourth  lever-type  switch  labeled 
“Mute”,  when  depressed,  attenuates 
the  output  of  all  speakers  approxi¬ 
mately  25  db.  This  permits  the  op¬ 
erator  to  answer  the  telephone  or 
speak  over  the  interoffice  communi¬ 
cating  system. 

The  indicator  lamps  above  the 
switches  provide  an  additional 
check.  When  the  switches  are  in 
normal  monitoring  position,  all 
channels  open,  the  green  lamps  are 
lit.  Red  lamps  show  which  switches 
are  off  normal  settings. 

In  closing,  the  author  wishes  to 
express  his  appreciation  of  the  valu¬ 
able  assistance  rendered  by  W.  L 
Anderson  and  F.  W.  Hughes. 
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coupled  to  soro  boot  detector.  Printing  rack  is  at  left.  Signal  source  is  not  shown 


number  storoge  bcmk  near  bottom 


total  of  16  man  hours.  Further¬ 
more,  the  facif  that  the  frequency 
meter  was  under  operating  condi¬ 
tions  during  the  2.5  hours  manual 
calibration  period  necessitated  a 
temperature-controlled  room  for 
the  calibration  process,  since  am¬ 
bient  temperature  changes,  if  per¬ 
mitted,  could  put  kinks  in  the  cali¬ 
bration  curve,  thereby  rendering 
the  meter  inaccurate. 

An  automatic  calibrating  ma¬ 
chine  has  been  designed  and  con¬ 
structed  at  Philco  which,  together 
with  semi-automatic  interpolating 
machines  capable  of  typing  the  book 
directly,  reduces  the  total  calibra¬ 
tion  time  from  16  hours  to  6.5 
hours.  The  actual  direct  time  neces¬ 
sary  to  record  the  327  calibration 
points  of  each  frequency  meter 
has  been  reduced  from  2.5  hours  to 
16  minutes,  and  during  these  16 
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minutes,  the  increments  between 
adjacent  calibration  points  are  also 
automatically  tabulated,  thereby 
eliminating  the  previous  hour  re¬ 
quired  for  manual  computation. 
The  short  calibration  time  also 
eliminates  the  need  for  a  temper¬ 
ature-controlled  calibrating  room. 
The  automatic  method  has  elimin¬ 
ated  the  human  error,  thus  reduc¬ 
ing  the  required  checking  time 
from  3.6  hours  to  1.5  hours,  which 
period  is  primarily  devoted  to  in¬ 
suring  the  stability  of  the  fre¬ 
quency  meter.  Overall,  since  the 
equipment  is  being  used  on  a  24- 
hour-a-day  basis,  over  140,000  man 
hours  were  saved  in  1943. 

Automatic  EgMipmtnt  Utod 

The  semi-automatic  interpolat¬ 
ing  machines  are  similar  to  the 
adding  machines  used  by  finance 


companies  for  scheduling  pay¬ 
ments,  the  only  difference  between 
the  two  being  the  size  of  type  em¬ 
ployed.  These  machines  are  cap¬ 
able  of  carrying  two  totals,  one  of 
which  may  be  added  to  the  other 
and  the  new  total  printed,  thereby 
enabling  interpolation.  Since  this 
device  is  well  known  it  will  not  be 
discussed  further  here. 

The  126-tube  automatic  calibrat¬ 
ing  machine  has  several  unusual 
features.  Essentially,  it  consists  of 
three  parts,  shown  as  a  block  dia¬ 
gram  in  Fig.  1.  The  first  supplies  a 
source  of  standard  frequencies 
against  which  the  meter  is  cali¬ 
brated.  The  second  provides  a 
means  of  mechanically  continuously 
driving  the  dial  of  the  frequency 
meter  and  electrically  generating  a 
sharp  pulse  every  time  the  fre¬ 
quency  meter  is  tuned  through  zero 
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A  126-tube  electronic  calibrator  combined  with  adding  machines 
records  on  paper  tape  the  calibration  data  at  327  points  for  an 
Army  SCR-211  two-band  frequency  meter,  interpolates  between 
these  points,  and  automatically  prints  in  the  individual  calibra¬ 
tion  book  a  five-digit  dial  number  for  3252  frecpiency  values 
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IN  THE  MANUFACTURE  of  highly 
precise  measuring  instruments, 
it  is  sometimes  found  necessary,  in 
order  to  obtain  the  required  ac¬ 
curacy,  to  hand  calibrate  each  in¬ 
dividual  instrument.  In  the  par¬ 
ticular  case  at  hand,  a  two-band 
frequency  meter  known  as  the 
Army  SCR-211  is  required  to  main¬ 
tain  an  accuracy  of  the  order  of 
0.01  percent  in  the  field.  This  fre¬ 
quency  meter  as  manufactured  by 
Philco  Corporation  consists  of  an 
electron-coupled  variable-frequency 
oscillator,  which  can  be  checked  at 
certain  points  of  the  dial  against  an 
internal  fixed-frequency  crystal 
oscillator. 

Anyone  who  has  had  experience 
in  the  production  of  receivers  hav¬ 
ing  dials  which  read  directly  in  fre¬ 
quency  can  appreciate  the  practical 


impossibility  of  making  an  oscil-' 
lator  track  to  a  predetermined  dial 
scale  within  0.01  percent.  For  com¬ 
parison,  a  good  broadcast  receiver 
has  an  accuracy  of  about  ±10  kc, 
or  about  1  percent.  Variations  such 
as  inductance,  capacitor  plate  con¬ 
tour  and  straightness,  gear  ec¬ 
centricities,  etc.,  require  that  the 
frequency  meter  be  designed  with 
a  dial  which  reads  in  arbitrary 
units,  and  that  a  calibration  book¬ 
let  be  prepared  for  each  meter. 

The  two  bands  of  the  frequency 
meter  cover  a  fundamental  range 
of  125  to  250  kc  and  2  to  4  Me. 
The  Army  specifications  call  for  a 
listing  of  calibration  points  every 
0.1  kc  on  the  low  band  and  every 
1.0  kc  on  the  high  band,  or  3,252 
calibration  points  in  all.  Each  of 
these  calibration  points  is  recorded 
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FIG.  1 — ^Block  diagram  showing  tho  throe  basic  units  oi  the  automatic 
calibrator  and  their  relation  to  the  frequency  meter  being  calibrated 


as  a  five-digit  dial  number. 

Fortunately,  it  is  found  that  by 
proper  design  of  the  tuning  capaci¬ 
tor,  the  plot  of  dial  reading  versus 
frequency  can  uniformly  be  made 
sufficiently  close  to  a  straight  line 
that  only  every  tenth  point  printed 
in  the  calibration  book  need  be 
hand  calibrated^  the  remainder  be¬ 
ing  interpolated  linearly.  Thus, 
hand  calibration  points  are  re¬ 
quired  every  1  kc  on  the  low  band, 
and  every  10  kc  on  the  high  band, 
or  a  total  of  327  points  must  be  re¬ 
corded  by  hand. 

CalibrotioN  Tim*  It  SkerttMd 

It  has  been  found  that  on  a  pro¬ 
duction  basis  an  average  of  2.5 
hours  was  required  to  hand-cali- 
brate  one  frequency  meter,  with 
another  hour  to  compute  the  incre¬ 
ments  between  adjacent  calibration 
points  so  that  interpolation  could 
be  made,  another  1.75  hours  to  in¬ 
terpolate,  and  an  additional  5  hours 
to  type  the  calibration  booklet  An 
average  of  several  errors  in  each 
original  hand  calibration,  plus  ad¬ 
ditional  errors  in  interpolating  and 
typing,  made  necessary  a  very  thor¬ 
ough  checking  of  each  frequency 
meter  and  calibration  book,  total¬ 
ing  3.5  hours  more. 

Thus,  to  calibrate  a  frequency 
meter  accurately  by  hand,  includ¬ 
ing  2.25  hours  additional  for  mis¬ 
cellaneous  operations,  required  a 
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of  0.0072  second.  This  is  indicated 
as  tt  on  Fig.  3. 

The  problem  of  calibrating  with 
sufficient  accuracy  arises  from  the 
fact  that  the  time  interval  t,  is  rela¬ 
tively  short  compared  with  t,.  Over 
the  latter  interval  the  zero  beat 
wave  is  marked  by  distinctive  char¬ 
acteristics  which  could  be  used  to 
trigger  the  calibrating  equipment. 
But  it  might  be  difficult  to  make 
such  triggering  occur  always  in  the 
shorter  interval  t,. 

latcgratioR,  A  Step  Toward  Solotion 

Evidently  the  best  means  of 
utilizing  the  distinctive  nature  of 
the  wave  form  near  zero  beat  ..is 
an  intergrating  network.  Such  *a 
circuit  may  be  considered  most 
simply  as  summing  algebraically 
the  area  under  the  beat  wave 
curve,  adding  areas  above  the  zero 
axis,  and  subtracting  areas  below. 
At  times  remote  from  the  instant 
of  zero  beat,  alternate  positive  and 
negative  areas  are  relatively  small 
and  nearly  equal,  so  that  their 
algebraic  sum  is  small  and  builds 
up  in  amplitude  very  gradually. 
However,  through  the  period  U 
Fig.  3)  a  large  positive  area  is 
added.  The  integral  or  sum  hence 
contains  a  iarge  positive  pulse, 
building  up  through  the  interval 
ti.  Such  a  pulse  could  be  used  to 
trigger  the  indicating  equipment. 

Referring  to  Fig.  2,  if  9  had 
been  90  deg  instead  of  0  deg,  a 
very  different  pulse  would  have 
been  developed,  and  in  addition  it 
would  have  begun  to  build  up 
much  earlier  in  time.  It  is  there¬ 
fore  highly  possible  that  trigger¬ 
ing  would  have  occurred  outside 
the  period  t,  which  has  been  speci¬ 
fied.  Further,  for  other  values  of 
9  the  pulse  might  be  negative,  or 
there  might  even  be  no  appreci¬ 
able  pulse  at  all. 

The  integrated  output  voltage 
obtained  for  various  values  of  6 
is  shown  in  Fig.  4,  with  the  accept¬ 
able  triggering  period  f,  again  in¬ 
dicated.  These  curves  are  also 
based  on  a  six-minute  calibrating 
time,  and  are  in  the  form  of  Fres¬ 
nel  integrals.  Tables  of  this  in¬ 
tegral  are  available. 

It  is  apparent  therefore  that  the 
major  difficulty  with  the  system  out¬ 
lined  is  the  erratic  nature  of  the 
pulse  which  would  be  obtained. 


cuTTOs  idontical  with  thoae  shown  for  B  =  90*’.  45*  and  0*  rospectively  will  bo 
obtainod.  oxcopt  that  tho  two  sots  of  curros  will  bo  of  opposite  polarity 


with  respect  to  amplitude,  shape, 
and  time  of  occurrence.  Fortu¬ 
nately  a  means  of  overcoming  this 
difficulty  was  found.  The  mathe¬ 
matical  basis  for  the  method  de¬ 
vised  will  be  stated  here,  and  a 
proof  of  this  particular  case  is 
given  in  Appendix  III. 

Principle  of  Zero  Boot  Detector 

For  certain  tjrpes  of  functions, 
of  which  the  integral  of  the  zero 
beat  wave  given  above  is  one,  thg 
sum  of  the  squares  of  any  two 
forms  of  the  function  which  differ 
only  in  that  they  are  90  deg  apart 
is  always  the  same,  regardless  of 
the  absolute  phase  of  the  two 
forms.  Moreover,  the  resulting 
function  is  the  square  of  the  en¬ 
velope  of  the  original  function 
plotted  for  all  possible  values  of 
its  phase  angle. 

A  simple  example  of  this  can 
be  given.  If  the  original  function 
is  taken  to  be  A  sin(o>t  +  0)  where 
6  is  any  phase  angle,  then  a  second 
form,  differing  in  phase  by  90  deg, 
is  A  sin  (wt  +  d  +  90°).  But  this 
is  the  same  as  A  cos(a>t  -|-  «),  and 
the  sum  of  the  squares  of  these 


two  forms  is  A*.  If  a  plot  of  the 
original  function  is  made  for  all 
values  of  9,  it  is  seen  that  the  en¬ 
velope  is  a  straight  line  of  ampli¬ 
tude  A,  and  the  square  of  this  en¬ 
velope  is  a  line  of  amplitude  A\ 

In  Fig.  5  is  shown  the  envelope 
of  all  the  integral  curves  in  Fig.  4, 
with  the  dashed  line  representing 
the  square  of  this  envelope.  This 
dashed  line  is  the  pulse  which  can 
be  derived  from  the  zero  beat  wave 
regardless  of  what  value  the  ran¬ 
dom  angle  9  may  have.  It  is  only 
required  that  a  second  zero  beat 
wave  be  produced  which  differs  in 
the  angle  9  by  90  deg.  This  can 
be  done  readily,  as  will  be  des¬ 
cribed  later.  The  squaring  action 
produces  a  sharper  pulse  than  any 
of  the  integrals  themselves.  The 
acceptable  triggering  time  is 
again  shown  as  t*. 

This  is  the  basic  principle  of 
the  zero  beat  detector.  The  man¬ 
ner  in  which  it  was  incorporated 
will  next  be  described. 

Snperhet  Circuit  is  Used 

For  the  same  fundamental  reas¬ 
ons  involved  in  the  design  of  an 
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FIG.  5 — Pulse  form  obtained  at  each  zero  beat  by  addition  of  squared  integrals  of 
quodrature  zero  beat  wave  forms.  This  curve  is  independent  of  random  phase  varia¬ 
tions  between  the  frequency  meter  and  the  standard  signal.  Note  that  practically 
the  entire  pulse  occurs  in  the  interval  t'i. 
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FIG.  2 — A  few  of  the  infinite  number  of  «ero  beat  wore  forma  which  can  occur, 
depending  upon  the  random  Talue  of  d 


FIG.  3 — Zero  beat  wore  form  for  which  0=0*.  and  for  which  a  calibrating  time  of  aix 
minutea  is  assumed.  Here  ft  represents  the  maximum  permissible  limits  for  triggering 


beat  with  the  standard  signal.  The 
third  unit  records  on  a  paper  sheet 
the  dial  reading  of  the  frequency 
meter  at  that  instant  of  time  at 
which  the  pulse  is  generated  and 
also  the  difference  between  adja¬ 
cent  dial  readings. 

.  -it 

Jk 

Staadard  Sigaol  Soares 

AS;,  stated  previously,  calibration 
points  .must  be  taken  every  1  kc  on 
the  low  band  and  every  10  kc  on  the 
high  band  of  the  frequency  meter. 
This  requires  accurate  signals  at 
16-kc  intervals  for  the  low  band  (as 
will  be  explained  later)  and  signals 
10  kc  apart  for  the  high  band.  The 
method  used  for  generating  these 
signals  employs  two  multivibrat¬ 
ors,  each  locked  in  with  a  crystal 
oscillator  that  is  continuously  moni¬ 
tored  against  Bureau  of  Standards 
radio  station  WWV.  Since  this  sys¬ 
tem  is  conventional,  it  need  not  be 
treated  here. 

Z*re  ■•at  D*t*ethig  Problem 

Before  describing  the  actual 
mechanism  which  was  finally  de¬ 
signed  to  detect  the  instant  of  zero 
beat,  a  short  description  of  the 
problem  involved  will  be  given. 
That  there  is  a  problem  at  all  is  a 
result  of  the  continuous  drive  ap¬ 
plied  to  the  frequency  meter.  If 
the  drive  were  stopped  at  each  cali¬ 


brating  frequency,  conventional 
circuits  could  be  used  to  determine 
zero  beat  within  a  very  few  cycles. 
However,  as  will  be  seen,  the  con¬ 
stant  rotation  of  the  tuning  capaci¬ 
tor  of  the  frequency  meter  intro¬ 
duces  factors  which  require  special 
consideration. 

Let  it  be  assumed  that  a  con¬ 
stant-speed  drive  is  being  applied 
to  the  tuning  capacitor  shaft,  so 
that  the  frequency  meter  is  gener¬ 
ating  a  signal  which  is  changing 
continuously  in  frequency.  Assume 
also  a  single  standard  signal  whose 
frequency  is  constant  and  lies  in 
the  range  of  the  frequency  meter. 
And  finally,  let  the  outputs  of  the 
two  signal  sources  be  coupled  into  a 
mixer  stage  whose  output  circuit  is 
responsive  only  to  signals  in  the 
audio  range.  Then,  as  is  shown  in 
Appendix  I,  the  wave  shape  of  the 
audio  signal  developed  across  the 
output  of  the  mixer  will  be  as  in¬ 
dicated  in  Fig.  2,  where  the  origin 
for  time  (f  =  0)  is  taken  to  be  the 
instant  when  the  frequency  meter 
is  exactly  at  zero  beat  with  the  cali¬ 
brating  signal. 

It  will  be  noted  immediately  that 
more  than  one  form  of  the  zero  beat 
wave  shape  has  been  given.  There 
are  actually  an  infinite  variety.  The 
exact  one  taken  depends  on  a  quan¬ 
tity  indicated  as  6,  and  a  constant  a. 


The  equation  of  the  zero  beat  volt¬ 
age  is  ' 

e*  ^  C08  ^  ^  1*  —  ^ 

where  the  amplitude  E.t  is  deter¬ 
mined  by  the  amplitudes  of  the  two 
signals,  a  is  the  rate  of  change  of 
periodicity,  to,,  of  the  frequency 
meter,  and  0  is  a  random  phase  an¬ 
gle  dependent  on  the  phase  angles 
of  the  original  beating  signal.s. 

and  a  can  be  held  constant,  but 
6  may,  and  probably  will,  have  a 
different  value  each  time  that  the 
frequency  meter  passes  through 
zero  beat  with  a  calibrating  signal. 
Hence,  any  of  the  infinite  variety 
of  which  six  are  shown  in  Fig.  2 
can  be  expected  to  appear  at  one 
time  or  another. 

It  remains  to  be  shown  that  the 
difference  in  zero  beat  wave  form 
presents  a  problem.  Figure  3  is  a 
quantitative  picture  of  one  par¬ 
ticular  wave  which  might  occur. 
Here  6  is  taken  to  be  zero,  and  a 
calibrating  time  of  six  minutes  on 
the  2  to  4-Mc  band  of  the  fre¬ 
quency  meter  is  assumed.  With  this 
calibrating  time,  a,  the  rate  of 
change  of  periodicity,  is  2tc(4x10*  - 
2x10*)  divided  by  360  seconds.  Un¬ 
der  these  assumptions  the  time  U 
taken  for  the  beat  voltage  to  go 
through  its  first  zero  value  is  ap¬ 
proximately  0.020  second  (Appendix 
11). 

AccMracy  ■•qvired 

To  achieve  the  overall  accuracy 
of  calibration  mentioned  in  the  in¬ 
troduction,  it  was  desired  that  the 
error  introduced  by^the  zero  beat 
detector  itself  should  be  unreadable 
on  the  dial  of  the  frequency  meter. 
Since  the  latter  is  graduated  into 
fifty  thousand  vernier  divisions,  it 
was  decided  that  an  accuracy  of 
better  than  plus  or  minus  one  part 
in  one  hundred  thousand  (half  of 
one  vernier  division)  would  be  ac¬ 
ceptable.  Assuming  a  linear  scale, 
on  the  2  to  4-Mc  band  of  the  fre¬ 
quency  meter  each  vernier  division 
represents  40  cycles  change  in  fre¬ 
quency.  Therefore  it  was  required 
that  the  zero  beat  indicator  trigger 
when  the  frequency  of  the  signal 
under  calibration  was  within  20 
cycles  of  true  zero  beat.  With  a 
calibrating  time  of  360  seconds  the 
frequency  meter  changes  in  fre¬ 
quency  20  cycles  in  a  period  of  plus 
or  minus  0.0036  second,  or  a  total 
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of  0.0072  second.  This  is  indicated 
as  tt  on  Fig.  3. 

The  problem  of  calibrating  with 
sufficient  accuracy  arises  from  the 
fact  that  the  time  interval  is  rela¬ 
tively  short  compared  with  t,.  Over 
the  latter  interval  the  zero  beat 
wave  is  marked  by  distinctive  char¬ 
acteristics  which  could  be  used  to 
trigger  the  calibrating  equipment. 
But  it  might  be  difficult  to  make 
such  triggering  occur  always  in  the 
shorter  interval  t,. 

latcgratieii,  A  Step  Toward  Solotion 

Evidently  the  best  means  of 
utilizing  the  distinctive  nature  of 
the  wave  form  near  zero  beat,. is 
an  intergrating  network.  Such  a 
circuit  may  be  considered  most 
simply  as  summing  algebraically 
the  area  under  the  beat  wave 
curve,  adding  areas  above  the  zero 
axis,  and  subtracting  areas  below. 
At  times  remote  from  the  instant 
of  zero  beat,  alternate  positive  and 
negative  areas  are  relatively  small 
and  nearly  equal,  so  that  their 
algebraic  sum  is  small  and  builds 
up  in  amplitude  very  gradually. 
However,  through  the  period 
Fig.  3)  a  large  positive  area  is 
added.  The  integral  or  sum  hence 
contains  a  iarge  positive  pulse, 
building  up  through  the  interval 
t,.  Such  a  pulse  could  be  used  to 
trigger  the  indicating  equipment. 

Referring  to  Fig.  2,  if  ff  had 
been  90  deg  instead  of  0  deg,  a 
very  different  pulse  would  have 
been  developed,  and  in  addition  it 
would  have  begun  to  build  up 
much  earlier  in  time.  It  is  there¬ 
fore  highly  possible  that  trigger¬ 
ing  would  have  occurred  outside 
the  period  t,  which  has  been  speci¬ 
fied.  Further,  for  other  values  of 
0  the  pulse  might  be  negative,  or 
there  might  even  be  no  appreci¬ 
able  pulse  at  all. 

The  integrated  output  voltage 
obtained  for  various  values  of  ff 
is  shown  in  Fig.  4,  with  the  accept¬ 
able  triggering  period  t,  again  in¬ 
dicated.  These  curves  are  also 
based  on  a  six-minute  calibrating 
time,  and  are  in  the  form  of  Fres¬ 
nel  integrals.  Tables  of  this  in¬ 
tegral  are  available. 

It  is  apparent  therefore  that  the 
major  difficulty  with  the  system  out¬ 
lined  is  the  erratic  nature  of  the 
pulse  which  would  be  obtained. 


electronics  — Moy  1944 


curres  idontical  with  thoto  shown  for  B  =  90°.  45*  and  0*  respectiTely  will  be 
obtained,  except  that  the  two  sets  of  curres  will  be  of  opposite  polarity 


with  respect  to  amplitude,  shape, 
and  time  of  occurrence.  Fortu¬ 
nately  a  means  of  overcoming  this 
difficulty  was  found.  The  mathe¬ 
matical  basis  for  the  method  de¬ 
vised  will  be  stated  here,  and  a 
proof  of  this  particular  case  is 
given  in  Appendix  III. 

Priocipie  of  Zero  loot  Detector 

For  certain  types  of  functions, 
of  which  the  integral  of  the  zero 
beat  wave  given  above  is  one,  thg 
sum  of  the  squares  of  any  two 
forms  of  the  function  which  differ 
only  in  that  they  are  90  deg  apart 
is  always  the  same,  regardless  of 
the  absolute  phase  of  the  two 
forms.  Moreover,  the  resulting 
function  is  the  square  of  the  en¬ 
velope  of  the  original  function 
plotted  for  all  possible  values  of 
its  phase  angle. 

A  simple  example  of  this  can 
be  given.  If  the  original  function 
is  taken  to  be  A  sin(o)t  +  0)  where 
0  is  any  phase  angle,  then  a  second 
form,  differing  in  phase  by  90  deg, 
is  A  sin  (o)t  -1-  0  -1-  90“).  But  this 
is  the  same  as  A  cos(b>t  -f  9),  and 
the  sum  of  the  squares  of  these 


two  forms  is  A*.  If  a  plot  of  the 
original  function  is  made  for  all 
values  of  9,  it  is  seen  that  the  en¬ 
velope  is  a  straight  line  of  ampli¬ 
tude  A,  and  the  square  of  this  en¬ 
velope  is  a  line  of  amplitude  A’. 

In  Fig.  5  is  shown  the  envelope 
of  all  the  integral  curves  in  Fig.  4, 
with  the  dashed  line  representing 
the  square  of  this  envelope.  This 
dashed  line  is  the  pulse  which  can 
be  derived  from  the  zero  beat  wave 
regardless  of  what  value  the  ran¬ 
dom  angle  9  may  have.  It  is  only 
required  that  a  second  zero  beat 
wave  be  produced  which  differs  in 
the  angle  9  by  90  deg.  This  can 
be  done  readily,  as  will  be  des¬ 
cribed  later.  The  squaring  action 
produces  a  sharper  pulse  than  any 
of  the  integrals  themselves.  The 
acceptable  triggering  time  is 
again  shown  as 

This  is  the  basic  principle  of 
the  zero  beat  detector.  The  man¬ 
ner  in  which  it  was  incorporated 
will  next  be  described. 

Snperhet  Circuit  is  Used 

For  the  same  fundamental  reas¬ 
ons  involved  in  the  design  of  an 
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FIG.  5 — Pulse  form  obtained  at  each  zero  beat  by  addition  of  squared  integrals  of 
quadrature  zero  beat  wave  forms.  This  ciuve  is  independent  of  random  phase  varia¬ 
tions  between  the  frequency  meter  and  the  standard  signal.  Note  that  practically 
the  entire  pulse  occurs  in  the  interval  t':. 
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FIG.  3 — ^Z«ro  beat  wore  form  lor  which  6=0*.  and  for  which  a  calibrating  time  ol  tlx 
minutee  ia  assumed.  Here  (t  represents  the  maximum  permissible  limits  for  triggering 


beat  with  the  standard  signal.  The 
third  unit  records  on  a  paper  sheet 
the  dial  reading  of  the  frequency 
meter  at  that  instant  of  time  at 
which  the  pulse  is  generated  and 
also  the  difference  between  adja¬ 
cent  dial  readings. 

♦  -t  *" 

Staadard  Signal  Scarce 

ASj  stated  previously,  calibration 
points  .must  be  taken  every  1  kc  on 
the  low  band  and  every  10  kc  on  the 
high  band  of  the  frequency  meter. 
This  requires  accurate  signals  at 
16-kc  intervals  for  the  low  band  (as 
will  be  explained  later)  and  signals 
10  kc  apart  for  the  high  band.  The 
method  used  for  generating  these 
signals  employs  two  multivibrat¬ 
ors,  each  locked  in  with  a  crystal 
oscillator  that  is  continuously  moni¬ 
tored  against  Bureau  of  Standards 
radio  station  WWV.  Since  this  sys¬ 
tem  is  conventional,  it  need  not  be 
treated  here. 

Zero  leaf  Detecthig  Problem 

Before  describing  the  actual 
mechanism  which  was  Anally  de¬ 
signed  to  detect  the  instant  of  zero 
beat,  a  short  description  of  the 
problem  involved  will  be  given. 
That  there  is  a  problem  at  all  is  a 
result  of  the  continuous  drive  ap¬ 
plied  to  the  frequency  meter.  If 
the  drive  were  stopped  at  each  cali¬ 


brating  frequency,  conventional 
circuits  could  be  used  to  determine 
zero  beat  within  a  very  few  cycles. 
However,  as  will  be  seen,  the  con¬ 
stant  rotation  of  the  tuning  capaci¬ 
tor  of  the  frequency  meter  intro¬ 
duces  factors  which  require  special 
consideration. 

Let  it  be  assumed  that  a  con¬ 
stant-speed  drive  is  being  applied 
to  the  tuning  capacitor  shaft,  so 
that  the  frequency  meter  is  gener¬ 
ating  a  signal  which  is  changing 
continuously  in  frequency.  Assume 
also  a  single  standard  signal  whose 
frequency  is  constant  and  lies  in 
the  range  of  the  frequency  meter. 
And  finally,  let  the  outputs  of  the 
two  signal  sources  be  coupled  into  a 
mixer  stage  whose  output  circuit  is 
responsive  only  to  signals  in  the 
audio  range.  Then,  as  is  shown  in 
Appendix  I,  the  wave  shape  of  the 
audio  signal  developed  across  the 
output  of  the  mixer  will  be  as  in¬ 
dicated  in  Fig.  2,  where  the  origin 
for  time  (t  =  0)  is  taken  to  be  the 
instant  when  the  frequency  meter 
is  exactly  at  zero  beat  with  the  cali¬ 
brating  signal. 

It  will  be  noted  immediately  that 
more  than  one  form  of  the  zero  beat 
wave  shape  has  been  given.  There 
are  actually  an  infinite  variety.  The 
exact  one  taken  depends  on  a  quan¬ 
tity  indicated  as  6,  and  a  constant  a. 


The  equation  of  the  zero  beat  volt¬ 
age  is  ‘ 

e*  ^  Ejk  cos  ^  ^  ^  ) 

where  the  amplitude  E.t  is  deter¬ 
mined  by  the  amplitudes  of  the  two 
signals,  a  is  the  rate  of  change  of 
periodicity,  (o„  of  the  frequency 
meter,  and  (9  is  a  random  phase  an¬ 
gle  dependent  on  the  phase  angles 
of  the  original  beating  signals. 

and  a  can  be  held  constant,  but 
6  may,  and  probably  will,  have  a 
different  value  each  time  that  the 
frequency  meter  passes  through 
zero  beat  with  a  calibrating  signal. 
Hence,  any  of  the  infinite  variety 
of  which  six  are  shown  in  Fig.  2 
can  be  expected  to  appear  at  one 
time  or  another. 

It  remains  to  be  shown  that  the 
difference  in  zero  beat  wave  form 
presents  a  problem.  Figure  3  is  a 
quantitative  picture  of  one  par¬ 
ticular  wave  which  might  occur. 
Here  B  is  taken  to  be  zero,  and  a 
calibrating  time  of  six  minutes  on 
the  2  to  4-Mc  band  of  the  fre¬ 
quency  meter  is  assumed.  With  this 
calibrating  time,  a,  the  rate  of 
change  of  periodicity,  is  2x(4xl0*  - 
2x10*)  divided  by  360  seconds.  Un¬ 
der  these  assumptions  the  time  U 
taken  for  the  beat  voltage  to  go 
through  its  first  zero  value  is  ap¬ 
proximately  0.020  second  (Appendix 
11). 

Aeceracy  Reqelred 

To  achieve  the  overall  accuracy 
of  calibration  mentioned  in  the  in¬ 
troduction,  it  was  desired  that  the 
error  introduced  by*the  zero  beat 
detector  itself  should  be  unreadable 
on  the  dial  of  the  frequency  meter. 
Since  the  latter  is  graduated  into 
fifty  thousand  vernier  divisions,  it 
was  decided  that  an  accuracy  of 
better  than  plus  or  minus  one  part 
in  one  hundred  thousand  (half  of 
one  vernier  division)  would  be  ac¬ 
ceptable.  Assuming  a  linear  scale, 
on  the  2  to  4-Mc  band  of  the  fre¬ 
quency  meter  each  vernier  division 
represents  40  cycles  change  in  fre¬ 
quency.  Therefore  it  was  required 
that  the  zero  beat  indicator  trigger 
when  the  frequency  of  the  signal 
under  calibration  was  within  20 
cycles  of  true  zero  beat.  With  a 
calibrating  time  of  360  seconds  the 
frequency  meter  changes  in  fre¬ 
quency  20  cycles  in  a  period  of  plus 
or  minus  0.0036  second,  or  a  total 
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nG.jl  -  Block  diagram  oi  complete  sero  beat  detector 


ordinary  radio  receiver,  it  was  de-  These  channels  will  now  be  ex-  These  stages  comprise  the  r-f  the  s 
cided  to  use  the  superheterodyne  amined  stage  by  stage,  and  those  section  of  the  unit,  and  as  men*  cillat 
type  of  circuit  for  the  zero  beat  circuits  of  a  unique  nature  de-  tioned  above  are  ganged  on  a  com-  the  o 
detector.  There  are  two  channels,  scribed  in  some  detail.  mon  shaft.  All  except  the  oscilla-  unifo 

one  for  the  standard  signal  and  tor  are  adjusted  to  tune  together  Asi 

one  for  the  frequency  meter,  as  Saetloa  geared  that  their  curves  3,48  I 

shown  in  the  block  diagram  in  Fig.  Channel  1  is  fed  from  a  stand-  of  frequency  versus  shaft  rotation  and  r 

6.  The  variable  tuned  portions  of  ard  signal  source,  which  in  this  are  the  same  as  an  average  fre-  tuned 

these  and  the  frequency  meter  are  case  is  a  multivibrator  held  in  quency  meter.  The  oscillator  is  ad-  signa 

all  ganged  together,  on  one  motor-  synchronism  with  WWV  as  here-  justed  to  track  480  kc  higher  at  all :  i-f  is 
driven  shaft.  This  ganging  is  indi-  tofore  mentioned.  Since  for  high  points,  a  frequency  which  is  en- 1  chanj 
cated  on  the  block  diagram  by  the  band  calibration  (which  will  be  tirely  optional  and  determined  only  the  3 
dashed  lines,  and  is  pictured  in  discussed  first)  signals  are  gen-  by  design  considerations.  Because  But  a 
Fig.  7.  erated  every  10  kc  from  2  to  4  Me,  of  the  type  of  circuit  used  to  obtain  next  £ 

Each  channel  is  fed  from  its  it  was  found  desirable  to  intro-  the  quadrature  signal,  however,  it  Me,  b 
own  source,  converted  to  an  inter-  duce  a  tuned  r-f  stage  to  remove  is  necessary  that  this  frequency,!  cillatc 
mediate  frequency  by  a  common  all  but  a  few  signals  in  the  vicinity  once  determined,  be  maintained  ex-  beat) 

oscillator,  and  passed  through  its  of  the  one  desired.  These  selected  actly.  To  this  end  a  conventional  Thi 

own  i-f  system.  Both  are  then  signals  are  applied  to  one  grid  of  automatic  frequency  control  circuit  throuj 

coupled  to  each  of  two  mixers,  the  the  first  mixer  in  channel  1.  is  used,  operating  from  channel  2.  i-f  si 

outputs  of  which  are  zero  beat  Channel  2  is  fed  from  the  fre-  throuj 

forms  differing  from  each  other  in  quency  meter  through  a  dual-pur-  the  bj 

phase  by  90  deg.  These  are  each  pose  stage,  which  for  high  band  The  signals  developed  in  the  plate  is  hel 

integrated  and  passed  through  operation  is  effectively  a  unity  circuits  of  the  two  first  mixers  may  5  kc, 

square  law  stages,  and  the  sum  of  gain  untuned  stage.  It  will  be  now  be  considered.  Since  the  fre-'  preser 

the  two  taken.  At  this  point  the  described  in  more  detail  later.  The  quencies  of  the  oscillator  and  thej  sary  t 

required  constant-shape  pulse  has  signal  is  then  applied  to  one  grid  frequency  meter  are  varied  together 

been  obtained.  The  remainder  of  of  the  first  mixer  in  Channel  2.  and  held  to  a  constant  diff evened 

the  detector  is  made  up  of  circuits  The  second  grid  of  each  mixer  is  of  480  kc,  the  signal  in  the  Pro 

for  obtaining  a  large-amplitude  fed  from  a  common  oscillator  of  the  mixer  in  channel  2  is  of  chanm 

pulse  suitable  for  operating  the  stage,  but  from  isolated  points  to  course  constant  at  480  kc.  In  chac ,  final  i- 

printing  mechanism.  prevent  channel  interaction.  nel  1  this  is  not  the  case  b:  au’c  J  bined 
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FIG.  7 — Or^roU  ricw  oi  Mro  baot  d*t*ctor  with  r>i  section  ^>en.  Note  gonginq  of  tuning  capacitors  to  the 
motor  at  left,  and  to  roeohition  counter  ond  frequency  meter  at  right.  The  i>f  channels  and  pulse- 
forming  stages  are  in  the  rack  at  the  rear,  together  with  regulated  power  supplies  for  each  channel 


the  signals  against  which  the  os¬ 
cillator  is  beating  are  fixed,  while 
the  oscillator  itself  is  varying  at  a 
uniform  rate  with  the  motor  drive. 

Assume  that  the  oscillator  is  at 
3.48  Me  at  some  instant.  The  mixer 
and  r-f  stages  of  channel  1  are  then 
tuned  to  the  particular  standard 
signal  which  is  at  3.0  Me  and  the 
i-f  is  480  kc.  As  the  oscillator 
changes  to  8.485  Me,  the  beat  from 
the  3.0-Mc  signal  becomes  485  kc. 
But  at  this  time  the  beat  from  the 
next  standard  signal,  which  is  8.010 
Me,  becomes  475  kc,  and  as  the  os¬ 
cillator  approaches  8.49  Me,  this 
beat  approaches  480  kc. 

Thus,  as  the  oscillator  is  tuned 
through  each  standard  signal,  the 
i-f  signal  in  channel  2  sweeps 
through  the  frequency  480  kc.  If 
the  band  width  of  this  i-f  channel 
is  held  to  less  than  plus  or  minus 
5  kc,  there  will  be  only  one  signal 
present  at  any  time.  This  is  neces¬ 
sary  to  prevent  spurious  beats. 

Limitars  asd  Triplars 

Proceeding  through  the  two  i-f 
channels,  it  will  be  noted  that  the 
final  i-f  stage  in  each  case  is  a  com¬ 
bined  tripler  and  limiter.  In  order 


that  the  calibrating  pulse  may  be 
of  the  same  amplitude  as  well  as 
the  same  shape  for  each  zero  beat, 
it  is  necessary  that  the  two  signals 
which  are  actually  being  combined 
be  of  the  same  amplitude  (though 
not  necessarily  the  same  as  each 
other)  for  each  beat. 

Limiting  is  therefore  incorpo¬ 
rated  in  the  plate  circuits  of  the 
two  final  i-f  stages,  and  sufficient 
gain  is  provided  in  the  i-f  systems 
so  that  on  the  weakest  standard  sig¬ 
nal  and  the  lowest  output  frequency 
meter  these  stages  are  driven 
well  past  their  limiting  levels.  Thus 
considerable  latitude  may  be  per¬ 
mitted  in  the  amplitudes  of  the  har¬ 
monics  generated  by  the  multivi¬ 
brator  and  the  output  of  the  fre¬ 
quency  meter  without  impairing  in 
the  least  the  accuracy  of  the  equip¬ 
ment. 

An  avc  system  is  also  employed  in 
the  standard  signal  channel  for  the 
same  purpose,  inasmuch  as  this 
channel  is  particularly  subject  to 
wide  variations  in  signal  level. 
With  these  circuits  included  in  the 
i-f  systems,  the  amplitude  of  the 
signal  at  each  mixer  grid  is  main¬ 
tained  extremely  constant. 


The  use  of  tripling  in  the  final 
i-f  stages  is  interesting  in  that  it 
provides  a  simple  means  of  tripling 
the  accuracy.  Recalling  the  equation 
for  the  zero  beat  wave,  it  is  seen 
that  the  time  taken  for  the  beat  to 
go  throu^  the  distinctive  period 
is  proportional  to  a.  If  a  be 
tripled,  this  time  interval  is  re¬ 
duced  to  one  third.  But  a  is  propor¬ 
tional  to  the  number  of  cycles  of 
change  in  frequency  per  second,  and 
hence  if  we  triple  the  changing 
frequency  and  therefore  triple  the 
number  of  cycles  of  change  per  sec¬ 
ond,  the  time  interval  within  which 
a  triggering  pulse  is  generated  is 
reduced  to  one  third. 

The  effect  of  this  is  shown  in 
Fig.  5  by  expanding  the  time  scale 
3  times  so  that  the  acceptable  trig¬ 
gering  interval  is  represented  by 
U'.  Channel  2  is  tripled  of  course 
merely  to  keep  its  frequency  the 
same  as  the  center  frequency  of 
channel  1.  It  is  obvious  that  quad¬ 
rupling  or  even  higher  multiplica¬ 
tion  could  be  used. 

Second  Mixers 

The  output  of  the  final  i-f  stage 
of  channel  1  is  now  fed  to  one  grid 
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the  signals  against  which  the  os¬ 
cillator  is  beating  are  fixed,  while 
the  oscillator  itself  is  varying  at  a 
uniform  rate  with  the  motor  drive. 

Assume  that  the  oscillator  is  at 
3.48  Me  at  some  instant.  The  mixer 
and  r-f  stages  of  channel  1  are  then 
tuned  to  the  particular  standard 
signal  which  is  at  3.0  Me  and  the 
i-f  is  480  kc.  As  the  oscillator 
changes  to  8.485  Me,  the  beat  from 
the  3.0-Mc  signal  becomes  485  kc. 
But  at  this  time  the  beat  from  the 
next  standard  signal,  which  is  3.010 
Me,  becomes  475  kc,  and  as  the  os¬ 
cillator  approaches  3.49  Me,  this 
beat  approaches  480  kc. 

Thus,  as  the  oscillator  is  tuned 
through  each  standard  signal,  the 
i-f  signal  in  channel  2  sweeps 
through  the  frequency  480  kc.  If 
the  band  width  of  this  i-f  channel 
is  held  to  less  than  plus  or  minus 
5  kc,  there  will  be  only  one  signal 
present  at  any  time.  This  is  neces¬ 
sary  to  prevent  spurious  beats. 

Limltars  and  Triplars 

Proceeding  through  the  two  i-f 
channels,  it  will  be  noted  that  the 
final  i-f  stage  in  each  case  is  a  com¬ 
bined  tripler  and  limiter.  In  order 


that  the  calibrating  pulse  may  be 
of  the  same  amplitude  as  well  as 
the  same  shape  for  each  zero  beat, 
it  is  necessary  that  the  two  signals 
which  are  actually  being  combined 
be  of  the  same  amplitude  (though 
not  necessarily  the  same  as  each 
other)  for  each  beat. 

Limiting  is  therefore  incorpo¬ 
rated  in  the  plate  circuits  of  the 
two  final  i-f  stages,  and  sufiicient 
gain  is  provided  in  the  i-f  systems 
so  that  on  the  weakest  standard  sig¬ 
nal  and  the  lowest  output  frequency 
meter  these  stages  are  driven 
well  past  their  limiting  levels.  Thus 
considerable  latitude  may  be  per¬ 
mitted  in  the  amplitudes  of  the  har¬ 
monics  generated  by  the  multivi¬ 
brator  and  the  output  of  the  fre¬ 
quency  meter  without  impairing  in 
the  least  the  accuracy  of  the  equip¬ 
ment. 

An  avc  system  is  also  employed  in 
the  standard  signal  channel  for  the 
same  purpose,  inasmuch  as  this 
channel  is  particularly  subject  to 
wide  variations  in  signal  level. 
With  these  circuits  included  in  the 
i-f  systems,  the  amplitude  of  the 
signal  at  each  mixer  grid  is  main¬ 
tained  extremely  constant. 


The  use  of  tripling  in  the  final 
i-f  stages  is  interesting  in  that  it 
provides  a  simple  means  of  tripling 
the  accuracy.  Recalling  the  equation 
for  the  zero  beat  wave,  it  is  seen 
that  the  time  taken  for  the  beat  to 
go  throu^  the  distinctive  period 
fi  is  proportional  to  oi.  If  a  be 
tripled,  this  time  interval  is  re¬ 
duced  to  one  third.  But  a  is  propor¬ 
tional  to  the  number  of  cycles  of 
change  in  frequency  per  second,  and 
hence  if  we  triple  the  changing 
frequency  and  therefore  triple  the 
number  of  cycles  of  change  per  sec¬ 
ond,  the  time  interval  within  which 
a  triggering  pulse  is  generated  is 
reduced  to  one  third. 

The  effect  of  this  is  shown  in 
Fig.  5  by  expanding  the  time  scale 
3  times  so  that  the  acceptable  trig¬ 
gering  interval  is  represented  by 
t/.  Channel  2  is  tripled  of  course 
merely  to  keep  its  frequency  the 
same  as  the  center  frequency  of 
channel  1.  It  is  obvious  that  quad¬ 
rupling  or  even  higher  multiplica¬ 
tion  could  be  used. 

Second  Mixers 

The  output  of  the  final  i-f  stage 
of  channel  1  is  now  fed  to  one  grid 
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ordinary  radio  receiver,  it  was  de¬ 
cided  to  use  the  superheterodyne 
type  of  circuit  for  the  zero  beat 
detector.  There  are  two  channels, 
one  for  the  standard  signal  and 
one  for  the  frequency  meter,  as 
shown  in  the  block  diagram  in  Fig. 
6.  The  variable  tuned  portions  of 
these  and  the  frequency  meter  are 
all  ganged  together,  on  one  motor- 
driven  shaft.  This  ganging  is  indi¬ 
cated  on  the  block  diagram  by  the 
dashed  lines,  and  is  pictured  in 
Fig.  7. 

Each  channel  is  fed  from  its 
own  source,  converted  to  an  inter¬ 
mediate  frequency  by  a  common 
oscillator,  and  passed  through  its 
own  i-f  system.  Both  are  then 
coupled  to  each  of  two  mixers,  the 
outputs  of  which  are  zero  beat 
forms  differing  from  each  other  in 
phase  by  90  deg.  These  are  each 
integrated  and  passed  through 
square  law  stages,  and  the  sum  of 
the  two  taken.  At  this  point  the 
required  constant-shape  pulse  has 
been  obtained.  The  remainder  of 
the  detector  is  made  up  of  circuits 
for  obtaining  a  large-amplitude 
pulse  suitable  for  operating  the 
printing  mechanism. 


These  channels  will  now  be  ex¬ 
amined  stage  by  stage,  and  those 
circuits  of  a  unique  nature  de¬ 
scribed  in  some  detail. 


R-F  Sactiea 


Channel  1  is  fed  from  a  stand¬ 
ard  signal  source,  which  in  this 
case  is  a  multivibrator  held  in 
synchronism  with  WWV  as  here¬ 
tofore  mentioned.  Since  for  high 
band  calibration  (which  will  be 
discussed  first)  signals  are  gen¬ 
erated  every  10  kc  from  2  to  4  Me, 
it  was  found  desirable  to  intro¬ 
duce  a  tuned  r-f  stage  to  remove 
all  but  a  few  signals  in  the  vicinity 
of  the  one  desired.  These  selected 
signals  are  applied  to  one  grid  of 
the  first  mixer  in  channel  1. 

Channel  2  is  fed  from  the  fre¬ 
quency  meter  through  a  dual-pur¬ 
pose  stage,  which  for  high  band 
operation  is  effectively  a  unity 
gain  untuned  stage.  It  will  be 
described  in  more  detail  later.  The 
signal  is  then  applied  to  one  grid 
of  the  first  mixer  in  Channel  2. 

The  second  grid  of  each  mixer  is 
fed  from  a  common  oscillator 
stage,  but  from  isolated  points  to 
prevent  channel  interaction. 


These  stages  comprise  the  r-f 
section  of  the  unit,  and  as  men¬ 
tioned  above  are  ganged  on  a  com¬ 
mon  shaft.  All  except  the  oscilla¬ 
tor  are  adjusted  to  tune  together 
and  are  so  geared  that  their  curves 
of  frequency  versus  shaft  rotation 
are  the  same  as  an  average  fre¬ 
quency  meter.  The  oscillator  is  ad¬ 
justed  to  track  480  kc  higher  at  all 
points,  a  frequency  which  is  en¬ 
tirely  optional  and  determined  only 
by  design  considerations.  Because 
of  the  type  of  circuit  used  to  obtain 
the  quadrature  signal,  however,  it 
is  necessary  that  this  frequency, 
once  determined,  be  maintained  ex 
actly.  To  this  end  a  conventional 
automatic  frequency  control  circuit 
is  used,  operating  from  channel  2. 


First  Mixers 


The  signals  developed  in  the  plate 
circuits  of  the  two  first  mixers  may 
now  be  considered.  Since  the  fre¬ 
quencies  of  the  oscillator  and  the 
frequency  meter  are  varied  together 
and  held  to  a  constant  difference 
of  480  kc,  the  signal  in  the  plate 
of  the  mixer  in  channel  2  is  of 
course  constant  at  480  kc.  In  chan¬ 
nel  1  this  is  not  the  case  bc-Au 
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of  each  of  the  two  second  mixers. 
The  latter  are  the  stages  in  whith 
the  zero  beats  are  actually  devel¬ 
oped.  The  actual  frequency  meter 
signals  and  standard  signals  are 
not  being  used  directly  to  produce 
the  zero  beat,  but  since  a  common 
oscillator  is  used,  when  the  i-f  sig¬ 
nals  are  identical  in  frequency  it 
follows  that  the  two  r-f  signals  are 
also  identical. 

Note  that  a  slight  deviation  of 
oscillator  frequency  from  its  proper 
value^  such  as  might  be  caused  by 
drag  in  the  afc  system,  does  not 
impair  the  accuracy.  Such  a  devia¬ 
tion  will  of  course  change  both  in¬ 
termediate  frequencies  by  the  same 


The  signals  found  in  the  plates 
of  the  two  second  mixers  are  now 
two  identical  zero  beats  between 
the  fixed  and  varying  i-f  signals, 
except  that  the  angle  0  is  different 
by  90  deg.  (Appendix  IV).  Each  is 
now  ready  for  integration. 

Checking  Quadrature  at  Mixers 

Before  discussing  integrators,  a 
simple  means  of  checking  quadra¬ 
ture  at  this  point  might  well  be 
mentioned.  If  the  outputs  of  the 
two  second  mixers  be  connected 
each  to  one  pair  of  plates  of  a  cath¬ 
ode-ray  tube,  and  two  r-f  signals  of 
approximately  the  same  frequency 
applied  Jto  .the  inputs  of  the  sys- 


amount.  Note  further  that  this^t^,  th"^  ^n  ellipse  with  axCis -at 
stepping  down  from  r-f  to  i-f  do^ 


not  reduce  the  accuracy  in  the  samb 
way  that  tripling  was  seen  to  in- .. 
crease  it;  because  in  this  case  the 
reduction  in  frequency  is  obtained 
by  subtracting  from  another  fre¬ 
quency,  and  not  by  division.  The 
rate  of  change  of  frequency,  as  rep¬ 
resented  by  a,  is  unchanged. 

The  output  of  the  tripler  stage 
in  channel  2  requires  one  more 
operation.  It  is  necessary  to 
obtain  not  only  the  third  har¬ 
monic  of  the  constant  frequency, 
but  also  a  second  signal  identical 
except  shifted  in  phase  by  90  deg. 
This  is  readily  obtained  by  intro¬ 
ducing  a  loosely  coupled  double- 
tuned  transformer,  and  taking  one 
signal  from  the  primary  and  one 
from  the  secondary  of  the  latter. 
With  the  input  at  the  proper  fre¬ 
quency,  these  signals  are  in  quadra¬ 
ture  with  each  other.  It  is  to  main¬ 
tain  input  at  proper  frequency  that 
afc  is  utilized.  The  quadrature  sig¬ 
nals  are  applied  to  the  second  mix¬ 
ers  in  channels  1  and  2. 


fight  Ithirles  should  appear  on  the 
Green  of  the  tube.  The  secondary 
tubing  of  the  quadrature  trans¬ 
former  may  in  fact  be  adjusted 
by  this,  method.  This  should  prefer¬ 
ably  be  done  with  the  two  r-f  sig¬ 
nals  as  nearly  of  the  same  fre¬ 
quency  as  possible  since  this  is  the 
condition  which  is  of  interest. 

Integrating  Circuits 

A  standard  integrating  circuit 
consisting  of  a  large  , series  resis¬ 
tance  and  low’-reactance,  capacitor 
is  given  in  Fig.  8,  while  the  actual 
circuit  used  is  shown  in  Fig.  9.  The 
difference  is  occasioned  by  the  fact 
that  it  is  necessary  to  incorporate 
a  blocking  capacitor  between  the 
mixer  plate  and  amplifier  grid,  and 
it  is  also  necessary  to  supply  a 
d-c  return  for  the  latter.  The  ac¬ 
tual  constants  used  are  determined 
by  two  factors.  In  Fig.  8,  the 
higher  the  value  of  R  and  the  lower 
the  reactance  of  C,  the  more  nearly 
will  the  output  approach  a  true  in¬ 
tegral.  .  However,  it  is  necessary  in 


Fig.  9  that  the  time  constant  in 
the  amplifier  grid  be  short  enough 
to  permit  the  grid  to  return  to  its 
normal  no-signal  bias  between 
pulses.  The  values  given  proved  to 
be  a  satisfactory  compromise. 

Square-Law  Stages  and  Adder 

The  two  integrals  thus  obtained 
are  passed  through  amplifiers  to 
the  square-law  stages  and  the 
adder,  shown  in  Fig.  10.  Each 
square-law  stage  consists  of  two 
type  7B7  pentode*  fc^sed  io  a  point 
where  the  second  hafni^ic  distor¬ 
tion  is  greatest.  %e^sHai^^a"  com- 
morf  plate  iwsistor,  and  their  grids 
are ‘driven  with  "opposite  polarity 
from  the  plate  and  cathode  of  a  type 
7A4  tube  serving  as  phase  inverter. 
The  fundamental  and  third  har¬ 
monic  are  balanced  out  and  the 
voltage  across  the  common  plate 
resistor  is  predominantly  second 
harmonic,  or  the  square  of  the  in¬ 
put  voltage. 

Addition  of  the  two  squared  sig¬ 
nals  is  accomplished  by  connecting 
a  potentiometer  from  one  pair  of 
plates  to  the  other  and  taking  out¬ 
put  from  the  arm  at  the  center.  At 
this  point  the  signal  voltage  is  the 
average  of  the  two  plate  voltages, 
or  one-half  their  sum.  A  potentiom¬ 
eter  is  used  so  that  any  unbalance 
in  the  square-law  characteristics 
of  the  pentodes  resulting  in  less 
output  from  one  pair  may  be  ad¬ 
justed  by  moving  the  arm  slightly 
nearer  to  that  pair.  Unbalance  be- 
tw’een  each  tube  of  either  pair  is 
first  adjusted  by  means  of  the  vari¬ 
able  cathode  resistor  of  the  phase 
inverter. 

Here  again,  cathode-ray  tube 
checks  simplify  the  adjustment  of 
the  equipment.  R-F  signals  are 


FIG.  8— Convenlional  integrating  network  ''  FIG.  9 — Schematic  oi  actual  integrating  circuit  used 
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applied  to  the  inputs  of  the  equip¬ 
ment,  and  one  phase  inverter  triode 
removed.  The  cathode-ray  tube 
plates  are  connected  to  the  input 
of  the  other  phase  inverter  and  to 
the  plates  of  the  corresponding  pair 
of  square-law  pentodes.  Since  the 
audio  signal  and  the  square  of  the 
latter  are  thus  compared  on  the 
cathode-ray  tube,  there  should  ap¬ 
pear  a  “hair  pin”  or  U.  The  resis¬ 
tor  in  the  cathode  of  the  phase  in¬ 
verter  is  then  varied  until  the  tips 
of  the  hair  pin  are  of  equal  ampli¬ 
tude.  This  indicates  equal  square- 
law  output  from  the  two  pentodes. 
The  operation  is  then  repeated  on 
the  other  square-law  stage. 

Since  the  r-f  signals  are  fixed, 
the  signals  at  the  inputs  to  the 
square-law  stages  are  sinusoidal 
and  are  the  same  except  for  differ¬ 
ing  in  phase  by  90  deg.  They  may 
be  represented  by  A  sin  (wf  -i-‘  0) 
and  A  cos  (wf  -f  -d),  and  the  sura 
of  their  squares  is  A*,  or  in  other 
words,  a  d-c  component  only.’  The 
signal  at  the  arm  of  the '  adding 
potentiometer  should  thus  be  a 
straight  line,  and  of  zero  amplitude 
if  the  oscilloscope  does  not  pass 
direct  current.  The  vertical  plates 
of  the  cathode-ray  tube  are  there¬ 
fore  connected  to  the  arm  of  the  po¬ 
tentiometer,  and  the  latter  ad¬ 
justed  for  a  minimum  of  audio 
ripple.  Some  of  the  latter  will  be 
observed,  since  a  certain  amount 
of  fourth  and  higher  even  harmon¬ 
ics  will  be  present  in  the  output  of 
the  square-law  tubes. 


Blocking  Oscillator 

At  each  zero  beat  there  appears 
at  the  arm  of  the  adding  poten¬ 
tiometer  a  pulse  which  is  constant 
in  shape  and  amplitude.  It  is,  how¬ 
ever,  negative  in  polarity  because 
of  the  nature  of  the  square-law 
stages,  and  is  not  of  sufficient  am¬ 
plitude  to  actuate  the  printing 
mechanism.  To  obtain  a  sufficiently 
large  pulse,  the  blocking  oscillator 
shown  in  Fig.  11  is  used.  The  nega¬ 
tive  pulse  is  applied  to  the  latter 
through  a  polarity  inverter,  which 
is  merely  a  resistance-coupled  am¬ 
plifier  stage. 

It  will  be  noted  that  positive 
bias  obtained  from  a  voltage  di¬ 
vider  across  the  main  plate  volt¬ 
age  supply  is  applied  to  the  cath¬ 
ode  of  the  blocking  oscillator 
double  triode.  The  amount  of  this 


FIG.  10  (oboTc) — Sche¬ 
matic  oi  square-law 
stages  and  adder 

FIG.  11  (right)— Sche¬ 
matic  of  blocking  oscil¬ 
lator  which  is  triggered 
by  pulse  from  adder 
and  provides  final 
pulse  used  to  actuate 
printer 
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FIG.  12 — Schematic  of  dual-purpose  input  stage  for  channel  2.  This  stage  accepts  a 
signal  from  either  band  oi  the  frequency  meter  without  switching,  and  suppiies  a 
2  to  4-Mc  signal  to  channel  2.  The  latter  signal  is  the  fundamental  of  the  high  band 
or  the  sixteenth  harmonic  oi  the  low  band 


bias  is  sufficient  to  cut  off  both 
sections  of  the  6N7G  so  that  it  is 
normally  quiescent.  Its  free  run¬ 
ning  period  (without  bias)  is  long 
compared  to  that  of  the  driving 
pulse,  but  somewhat  less  than  the 
time  interval  between  pulses. 


When  the  positive  driving  pulse 
appears  at  its  first  grid  for  a  short 
instant,  it  begins  to  pass  through 
one  cycle  of  a  normal  blocking 
oscillation,  and  the  usual  sharp 
pulse  of  great  amplitude  (over  one' 
hundred  volts)  is  developed  across 
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all  frequencies  by  16  in  conform¬ 
ance  with  the  frequency  meter  it¬ 
self.  Standard  signals  every  1  kc 
from  125  to  250  kc,  with  an  i-f 
value  of  30  kc,  were  to  be  used. 
Gradual  multiplication  through 
the  i-f  system  was  to  bring  the 
final  frequency  again  to  1440  kc, 
so  that  the  balance  of  the  equip¬ 
ment  would  be  the  same  for  both 
bands. 

Such  a  system  was  actually  con¬ 
structed,  and  was  found  to  be  un¬ 
satisfactory  simply  because  of  the 
difficulty  in  eliminating  phase 
modulation  from  the  source  of  1- 
kc  signals.  In  order  to  synchron¬ 
ize  such  a  source  on  the  100-kc 
crystal  oscillator,  it  was  necessary 
to  use  at  least  one  intermediate 
multi-vibrator  at  10  kc.  As  a  re¬ 
sult  it  was  found  that  while  the 
total  number  of  cycles  per  second 
remained  correct,  the  starting  time 
of  each  cycle  was  subject  to  slight 
variations.  This  is  the  equivalent 
of  erratic  phase  modulation  of  the 
1-kc  signals.  Because  of  the  enor¬ 
mous  multiplication  involved  (in 
the  worst  case,  from  1  kc  to  250  kc 
and  from  30  kc  to  1440  kc)  the 
phase  modulation  became  several 
cycles  of  frequency  modulation. 
The  zero  beat  detector  is  of  course 
very  sensitive  to  frequency  modu¬ 
lation,  so  that  spurious  beats  were 
obtained  in  nearly  every  case. 

After  considerable  investigation 
a  satisfactory  means  of  making 
the  calibration  was  devised.  It 
will  be  noted  that  the  sixteenth 
harmonic  of  the  low  band  varies 
from  2  to  4  Me.  By  multiplying 
the  signal  from  the  frequency 
meter  by  sixteen,  therefore,  it  may 
be  run  through  the  high  band  cali¬ 
brator  directly.  Since  calibration 
points  are  required  every  1  kc  of 
the  fundamental,  the  sixteenth 
harmonic  must  pass  through  zero 
beat  every  16  kc  on  the  calibrator, 
and  a  multivibrator  producing 
standard  signals  every  16  kc  from 
2  to  4  Me  is  required.  It  will  be  seen 
that  126  calibration  points  will  thus 
be  obtained,  which  is  the  number 
required. 

To  obtain  synchronization  for  the 
16-kc  multivibrator,  an  80-kc  multi¬ 
vibrator  was  locked  on  the  fourth 
harmonic  of  the  100-kc  standard. 
The  fifth  harmonic  of  the  16-kc  mul¬ 
tivibrator  was  then  synchronized 
on  the  80-kc  signal. 
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fig.  13 — Block  diagram  of  printing  gystem 


FIG.  14 — Opon  Tiow  of  rorolution  conntor  switch.  Not*  tho  5  docks  of  10-point 
switches,  and  the  "disconnect"  section  ot  front 


the  grid  winding  of  the  trans-  driving  pulse  has  long  since  dis- 
former.  The  second  grid  imme-  appeared,  so  that  only  one  output 
diately  blocks  and  remains  cut  off  pulse  is  obtained  for  each  zero 
for  the  remainder  of  the  natural  beat.  This  is  the  final  output  of 
period  of  the  oscillator.  the  zero  beat  detector. 

The  system  is  thus  unrespons¬ 
ive  to  spurious  pulses  of  any  sort  CallbraNo. 

during  the  greater  part  of  the  in-  Calibration  of  the  low  frequency 
terval  between  true  pulses.  By  band  proved  to  be  more  of  a  prob- 
the  time  the  oscillator  would  nor-  lem  than  had  been  anticipated.  It 
mally  begin  its  second  cycle  the  was  originally  intended  to  divide 
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FIG.  15 — Schemotic  of  one  column  of  number  storoge  bank.  The  dashed  rectangle 
at  the  right  encloses  o  representatiye  section  of  the  reTolution-counting  switch 
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DHaUParpoM  R'P  Stag* 

The  dual-purpose  two-band 
stage  located  between  the  fre¬ 
quency  meter  and  the  first  mixer 
of  channel  2  is  shown  in  Fig.  12. 

It  was  designed  to  accept  signals 
from  either  band  of  the  frequency 
meter  without  switching,  passing 
the  high  band  directly,  and  multi¬ 
plying  the  low  band  by  16.  The 
first  7G7  provides  considerable 
gain  on  the  low  band,  but  relative 
attenuation  on  the  high  band  be¬ 
cause  of  the  capacitor  shunting 
the  plate  load.  The  second  7G7 
is  a  straight  band-pass  amplifier 
on  the  high  band,  and  a  multiplier 
to  select  the  sixteenth  harmonic 
of  the  low  band.  As  a  multiplier, 
the  gain  of  this  stage  is  of  course 
much  less  than  as  an  amplifier. 

At  the  output  the  signal  from 
either  band  is  of  the  same  order  of 
magnitude,  and  the  overall  gain  is 
therefore  approximately  one. 

Reeerdlag  PreblaMs 

The  zero  beat  detector  serves 
to  generate  a  pulse  at  the  instant 
that  the  frequency  meter  is  tuned  I* 

to  a  calibration  frequency.  The  ei  th*  OA4G  tub**,  th* 
remaining  problem  is  that  of  ac-  os*ociat*d  1*107*. 
curately  recording  the  dial  read-  and 

ing  at  this  instant.  Since  the  dial  “*  “****•'  *•** 

is  driven  through  60,000  vernier 
divisions  in  approximately  6  min¬ 
utes,  139  vernier  divisions  are  no.  is-^S^nc*  *y^ 
passed  in  a  single  second.  To  re-  t*m.  *howin9  thyrotron 
cord  accurately  the  dial  reading  s  ot  i*ft  r*ior*.  and 

to  the  nearest  vernier  division  “onitorinq  light*  lor 

while  the  dial  is  rotating  at  this  ^  tadicotion  of  cor- 
speed  requires  special  care.  An  oration* 

ordinary  revolution  printer  which 
momentarily  presses  a  piece  of 
paper  against  a  set  of  revolving 

drums  carrying  the  dial  reading 

would  cause  appreciable  blur.  ■  Cp 

Such  a  printer  could  be  modi-  ■ 
fled  by  having  the  drums  stand  ■ 
still  while  the  imprint  is  being  ■ 
made,  after  which  the  revolutions  I 
lost  by  such  standstill  would  have  ■  . 

to  be  made  up  through  a  differen-  I  J 

tial  or  spring  storage  system.  The  I 
mechanical  complexity  of  such  a  I  llp^| 
recorder,  however,  is  such  that  I B;*  I  IjB^B 
frequent  maintenance  would  be  I  BjwF^  ^p|  tPl 
required.  A  Strobotac  photograph  B  |B||B 
might  be  employed  as  an  alterna-  ■ 
tive  but  fast  emulsions  would  have  B 
to  be  used,  either  necessitating  1 

production  delay  in  development 
(Continued  on  page  342) 


ABOVE 

FIG.  16 — Op*n  t1*w  of 
adding  mochln*.  show¬ 
ing  solonold*  for  ac¬ 
tuating  k*7* 
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The  pressure  at  the"  intake 
manifold  of  an  aircraft  engine 
is  normally  kept  above  atmos¬ 
pheric  pressure  by  a  gear-driven 
internal  blower,  to  obtain  greater 
power  from  a  given  engine.  At 
higher  altitudes,  however,  atmos¬ 
pheric  pressure  decreases  and 
manifold  pressure  and  horsepower 
decreases  correspondingly.  •  This 
reduction  in  manifold  pressure  is 
offset  by  the  turbosupercharger,  a 
centrifugal  air  compressor  that  is 
driven  by  a  turbine  in  the  exhaust 
stack  of  the  engine  and  serves  to 
boost  air  pressure  before  it  enters 
the  carburetor. 

The  speed  of  the  turbosuper¬ 
charger  is  regulated  by  opening 
and  closing  a  waste  gate  in  the 
exhaust  pipe  of  the  engine.  When 
the  waste  gate  is  open,  exhaust 
gases  escape  without  passing 
through  the  turbine;  when  closed, 
the  gate  forces  the  gases  to  im¬ 
pinge  against  the  blades  of  the 
turbine  wheel  and  spin  the  di¬ 
rectly-connected  compressor.  Thus, 


By  WILLIS  H.  6ILLE 

'  •  ^  '  ChieJ  Engineer 

aad  H.  T.  SPARRDW 

Chief  Electrical  Engineer 

Aeronautical  Division 
ifinneapolis-HonegViell  Regulator  Co. 

Minneapolis,  Minn. 

the  horsepower  output  can  be  kept 
constant  or  changed  as  desired, 
independently  of  altitude,  simply 
by  adjusting  the  waste  gate. 

Electronic  Control  Units 

The  complete  electronic  turbo 
regulator  developed  by  Minne- 
apolis-Honeywell  Regulator  Co.  is 
shown  in  schematic  form  in  Fig.  1 
for  one  of  the  turbosupercharged 
engines  of  a  four-engine  bomber. 
The  system  contains  five  major 
units — a  turbo  boost  selector,  a 
Pressuretrol,  a  turbo  governor,  an 
amplifier  and  the  waste-gate 
motor.  Together  these  provide 
automatic  regulation  of  turbosu¬ 
percharger  speed,  allowing  the 
pilot  to  concentrate  on  flying. con¬ 
trols.  .''‘W/ 

The  turbo  boost  selector  (at 


lower  right  in  Fig.  1)  is  the  pilot’s 
only  control  over  the  turbo  system. 
Once  its  four  small  calibrator  po¬ 
tentiometers  are  adjusted  to  com¬ 
pensate  for  small  differences  in 
performance  of  the  four  engines 
or  their  turbos,  the  pilot  can  con¬ 
trol  turbo  boost  on  all  four  en¬ 
gines  simultaneously  by  adjusting 
the  large  central  knob  which 
serves  the  master  control  potenti¬ 
ometer. 

The  Pressuretrol  unit  on  the  in¬ 
take  manifold  is  a  pressure-sensi¬ 
tive  double-bellows  device  that 
drives  a  potentiometer  wiper 
through  a.  sector  arm  and  pinion 
gear,  so  that  the  potentiometer  set¬ 
ting  is  proportional  to  the  pressure 
of  the  air  being  supplied  to  the 
carburetor  by  the  turbosuper¬ 
charger.  The  Pressuretrol  insures 
that  the  system  will  maintain 
whatever  boost  pressure  the  pilot 
has  selected,  independently  of 
changes  in  atmospheric  pressure 
caused  by  variations  in  the  alti¬ 
tude  of  the  plane. 


FIG.  1 — Schematic  diagram  of  electronic  control  system 

and  ossocioted  mechanical  parts  of  a  turbosupercharged 
\ 


engine.  The  pilot  controls  the  entire  system  with  the  single 
knob  on  the  turbo  boost  selector  box  at  the  lower  right 
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TURBO  REGULATOR 

for  Multi-Engine  Airplanes 

Speed  of  turbosupercharger  for  each  engine  is  automatically  regulated  through  a  four- 
tube  electronic  circuit  to  provide  a  constant  engine  power  condition  at  any  altitude 
within  operating  limits,  thus  allowing  the  pilot  to  concentrate  on  flying  the  airplane 


The  turbo  governor  is  a  dual 
safety  device  driven  by  the  turbo¬ 
supercharger  through  a  flexible 
shaft.  The  governor  contains  two 
potentiometers,  one  acting  as  an 
overspeed  control  to  prevent  the 
turbo  from  exceeding  its  safe 
operating  speed,  an^  the  other 
acting  as  an  accelerometer  that 
anticipates  pressure  increases  and 
provides  a  control  voltage  in  time 
to  prevent  overshooting  of  mani¬ 
fold  pressure. 

The  amplifier  responds  to  the 
resultant  alternating  control  volt¬ 
age  from  the  above  three  units,  de¬ 
termines  which  direction  of  rota¬ 
tion  is  needed  for  the  waste-gate 
motor,  and  provides  the  required 
power  for  the  waste-gate  motor. 

The  waste-gate  motor  is  a  two- 


phase  reversible  electric  motor 
which  positions  the  waste-gate 
through  a  mechanical  linkage.  As 
this  motor  rotates,  it  operates  a  bal¬ 
ancing  potentiometer  that  delivers 
an  alternating  voltage  opposed  to 
the  resultant  of  the  other  poten¬ 
tiometer  voltages.  When  the 
motor  has  rotated  just  far  enough 
to  make  the  two  voltages  exactly 
neutralize  each  other,  amplifier 
power  is  cut  off  and  the  motor 
stops.  The  amount  of  waste-gate 
movement  is  thus  determined  by 
the  magnitude  of  the  original  con¬ 
trol,  and  there  is  no  overshooting 
beyond  the  desired  new  position. 

A-C  Iridq*  Circalt. 

The  six  potentiometers  of  the 
electronic  control  units  are  con¬ 


nected  to  three  power  transformer 
windings  (all  on  the  same  core  and 
energized  with  400-cps  aircraft 
power)  in  the  manner  shown  in 
Fig.  2,  to  form  an  a-c  bridge  cir¬ 
cuit.  In  effect,  the  alternating 
voltages  across  these  potentiom¬ 
eters  either  add  to  or  subtract 
from  one  another.  For  the  com¬ 
plete  bridge  to  be  balanced,  these 
voltages  must  cancel,  so  that  no 
voltage  exists  between  the  upper¬ 
most  wiper  and  the  bottom 
grounded  wiper. 

Voltages  giving  one  of  the  many 
possible  balances  are  indicated  in 
Fig.  2.  Here  there  are  alternating 
voltages  of  3  and  12  volts  acting  in 
one  direction  from  ground,  offset¬ 
ting  the  15-volt  center  section  act¬ 
ing  in  the  other  direction  from 


FIG,  2 — Coinpl*t«  bride*  circuit  oi  th*  Min- 
n«apoli*-Hon*7w*ll  typ*  B  control  ■ystom  for 
turbo*up*rcharg*rs.  All  tbr**  windings  or* 
On  a  cor*  boring  a  llS-r.  400-cps  primory 


FIG.  3 — Circuit  diagram  oi  on*  turbo  control  ampliiior  with  its  bridg*  circuit  (shown 
in  *quiral*nt  simpliiiod  form  h*r*)  ond  its  wast*-gat*  motor  circirit  Each  *ngin* 
has  its  own  control  system  lik*  this,  with  the  potentiometer  oi  th*  turbo  boost 
selector  (alongside  th*  pUot)  being  common  to  all  oi  th*  bridg*  circuits 


hies 
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new  condition  of  balance  results, 
with  the  waste  gate  slightly  closed 
from  its  original  position  and  the 
carburetor  inlet  pressure  (and 
consequently  the  manifold  pres¬ 
sure)  increased  from  its  original 
value. 


wipers  are  caused  to  move  simul¬ 
taneously.  Therefore,  it  will  be 
well  to  follow  through  one  simple 
operation  to  see  how  modulating 
control  is  obtained. 

If,  with  the  bridge  balanced,  the 
selector  dial  is  turned  to  a  higher 
setting,  the  waste  gate  moves 
toward  a  closed  position.  As  this 
happens,  the  turbine  starts  to 
speed  up  and  increase  the  carbu¬ 
retor  inlet  pressure.  Increasing 
this  pressure  moves  the  Pressure- 
trol  wiper  to  the  left,  which  in 
turn  calls  for  the  waste  gate  to 
move  toward  the  open  position.  A 


ground.  If  the  pilot  should  un¬ 
balance  this  bridge  by  moving  the 
turbo-boost  selector  3  v  to  the 
loft  (for  less  power),  the  result¬ 
ant  alternating  voltage  of  S  v 
would  make  the  amplifier  and 
waste-gate  motor  close  the  waste 
gate  and  drive  its  balancing  po¬ 
tentiometer  3  V  to  the  left  so  as 
to  rebalance  the  bridge  at  the 
new  power  condition  selected  by 
the  pilot  Movement  of  any  other 
potentiometer  wiper  will  likewise 
initiate  waste-gate  action  and  re¬ 
balancing. 

In  actual  operation,  two  or  more 


AiaplHIcr  CIrcait 

In  Fig.  3  is  a  schematic  wiring 
diagram  of  the  complete  turbo 
control  amplifier,  along  with  an 
equivalent  simplified  representa¬ 
tion  of  the  bridge  circuit  and  the 
electrical  circuit  of  the  waste-gate 
motor. 

The  7Y4  rectifier  tube  merely 
serves  to  convert  the  116-v,  400- 
cps  aircraft  power  to  a  high  direct 
voltage  for  the  two  plates  of  the 
7F7  tube,  and  hence  does  not  enter 
into  a  discussion  of  the  signal  and 
inotor  circuits.  All  other  tubes 
and  parts  operate  from  alternat¬ 
ing  voltages. 

When  the  bridge  is  balanced,  no 
a-c  potentials  exist  in  the  7F7  cir¬ 
cuits  and  hence  no  alternating 
voltage  is  fed  to  the  7C6  tubes. 
Under  this  condition,  each  of  these 
tubes  passes  only  a  small  current 
(determined  by  the  self-acquired 
bias  on  the  control  grids)  on 
alternate  half-cycles,  with  this 
current  fiowing  through  the  am¬ 
plifier-excited  field  winding  of  the 
waste-gate  motor  and  acting  as  a 
brake  on  the  motor  armature. 
(This  balanced-bridge  current,  the 


Turbo  omplUioi  romorod  from  its  cobinsL  Tho  two  7C5  tubas  ora  diractly 
bahind  tba  front  ponal  In  a  chimnay-typa  anclosura.  ^ca  thay  hondla  all 
currant  for  ona  phasa  of  tba  wasta-gata  motor 


lalarior  tIow  of  Prassuratrol  unit  thot  ra- 
sponds  to  cbongas  in  corburator  prassura 


Turbosuparchorgar  control  systam  inslallad 
in  o  B*17  four-angina  airplona 
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FIG.  4 — SimpliiM  T«rsion  of  ampUHar  circuit  in  Fiq. 
3,  showing  instontanoous  polorittot  for  tho  instant 


whon  tho  upper  end  of  each  transformer  winding 
is  positiTO  and  the  bridge  is  unbalanced  os  indicated 


waveform  of  which  is  shown  in 
Fig.  3,  causes  the  resultant  motor 
field  to  reverse  every  half-cycle 
instead  of  rotating  in  one  direc¬ 
tion.) 

When  the  bridge  is  unbalanced 
by  movement  of  one  of  the  poten¬ 
tiometer  wipers  to  the  right,  con¬ 
ditions  may  be  as  shown  in  the 
simplified  signal  circuit  of  Fig.  4. 
The  bridge  transformer  and  power 
transformer  being  in  phase,  corre¬ 
sponding  ends  of  each  transformer 
have  the  same  polarity  at  each 
instant.  For  the  instant  when  the 
upper  ends  of  the  two  transform¬ 
ers  are  positive,  polarities  are  as 
marked. 

The  positive  voltage  pulse  (with 
respect  to  ground)  from  the  unbal¬ 
anced  bridge  acts  on  the  control 
grids  of  tubes  1  and  2  after  under¬ 
going  amplification  in  the  two  sec¬ 
tions  of  the  7F7  tube,  but  only 
tube  1  conducts  since  the  plate  of 
tube  2  is  negative  at  this  instant. 
Thus,  tube  1  supplies  current  to 
the  amplifier-excited  field  winding 
of  the  waste-gate  motor  on  alter¬ 
nate  half-cycles,  causing  say  clock¬ 
wise  rotation. 

When  polarities  in  both  trans¬ 
formers  have  reversed  1/800  sec 
later,  the  grids  of  tubes  1  and  2 
are  both  negative,  and  hence  no 
power  flows  from  the  amplifier  to 
the  motor. 

Movement  of  the  upper  poten¬ 


tiometer  of  Fig.  4  to  the  right  thus 
causes  clockwise  rotation  of  the 
waste-gate  motor.  A  similar 
analysis  will  show  that  movement 
of  the  potentiometer  to  the  left 
will  cause  counterclockwise  rota¬ 
tion  of  the  motor. 

Under  both  conditions  of  unbal¬ 
ance  the  7C5  tubes  deliver  positive 
pulses  with  time  intervals  between, 
as  indicated  by  the  current  curves 
in  Fig.  4.  For  proper  operation 
of  the  waste-gate  motor,  however, 
it  is  necessary  to  have  alternating 
current  instead  of  d-c  impulses 
flowing  through  the  amplifier-ex¬ 
cited  winding.  Therefore,  a  ca¬ 
pacitor  of  the  correct  size  is  con¬ 
nected  in  parallel  with  the  field 
winding  to  form  an  oscillating  cir¬ 
cuit.  The  resulting  relationship 
between  current  flow  through  the 
7C5  tubes  and  the  amplifier-excited 
winding  is  shown  in  Fig.  5  for 
each  direction  of  unbalance.  Note 
that  the  current  resulting  from 
operation  of  one  tube  is  half  a 
cycle  out  of  phase  with  the  current 
resulting  from  operation  of  the 
other  tube — exactly  w’hat  is  re¬ 
quired  to  reverse  the  direction  of 
the  rotating  magnetic  field  of  the 
squirrel-cage  induction  motor 
driving  the  waste  gate. 


Locotton  of  ompliiior  unit  for  No.  3  onglno 
in  a  B-24  airplano 

the  electronic  turbo  regulator  dur¬ 
ing  a  climb  from  an  altitude  of 
5000  ft  to  32,000  ft. 

First,  the  engine  rpm  is  selected 
(2300  for  this  illustration)  by  set¬ 
ting  the  prop  governor  control. 
The  engine  speed  remains  constant 
throughout  the  climb  because  of 
the  action  of  the  automatic  pro¬ 
peller  governors. 

The  throttle  is  then  moved  for¬ 
ward  to  full-open  position,  and  an 
intake  manifold  pressure  of  37  in. 
is  selected  by  means  of  the  turbo¬ 
boost  selector.  The  manifold 
pressure  selected  for  any  given 
flight  depends  upon  speed  of  flight 
desired,  rate  of  climb  desired,  and 
airplane  load. 

The  pressure  boost  supplied  by 
PcrformaNc*  Carves  internal  engine  blower,  as  rep- 

The  curves  in  Fig.  6  portray  resented  by  the  difference  between 
typical  operating  conditions  for  the  carburetor  inlet  pressure  and 
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movement  was  required  because 
the  ratio  of  pressure  differential 
change  to  waste-gate  change  then 
becomes  high. 

The  resultant  effect  of  this  con¬ 
dition  on  intake  manifold  pressure 
is  that  a  slight  droop  is  evidenced 
at  the  beginning  of  the  climb,  but 
that  less  droop  occurs  during  the 
remainder  of  the  climb  until  an 
altitude  is  reached  at  which  the 
overspeed  control  takes  effect.  The 
amount  of  manifold  pressure  droop 
has  been  chosen  to  give  nearly 
constant  horsepower  throughout 
the  climb. 


CoNciMion 

To  test  the  operation  of  the 
regulator  under  extreme  condi¬ 
tions,  one  throttle  was  fully  re¬ 
tarded  while  cruising  at  an  alti¬ 
tude  of  25,000  ft.  After  the  sys¬ 
tem  had  restabilized  on  three 
motors,  this  throttle  was  rammed 
to  full-open  position  in  less  than 
a  second — a  severe  test  for  any 
regulator.  Photographic  records 
made  during  the  test  showed  that 
as  the  throttle  was*  retarded,  the 
manifold  pressure  dropped  quickly. 
The  propeller  governor  re-estab¬ 
lished  prop  speed  after  a  period  of 
several  seconds.  The  waste  gate 
closed  completely  and  turbo  speed 
dropped. 

Things  began  to  happen  when 
the  throttle  was  rammed  full  open. 
Manifold  pressure  increased 
smoothly.  Turbo  speed  shot  up. 
Original  conditions  were  re-estab¬ 
lished  in  approximately  ten  sec¬ 
onds  without  exceeding  safe  turbo 
speed  or  manifold  pressure  and 
without  setting  up  a  hunting  or 
other  unstable  condition.  In  fact, 
the  curves  for  the  test  even  showed 
fluctuations  as  the  turbo  regulator 
attempted  to  compensate  for  an 
uncertain  prop  governor.  The 
accelerometer  portion  of  the  gov¬ 
ernor  caused  the  waste  gate  to 
open  sooner  than  it  would  have 
otherwise,  thus  limiting  to  a 
modest  amount  the  surge  above 
the  pressures  desired. 

The  Minneapolis  -  Honeywell 
type  B  control  system  for  turbo¬ 
superchargers,  just  described,  is 
today  flying  in  many  of  our  largest 
bombers,  serving  to  make  the 
pilot’s  task  simpler  and  high-alti¬ 
tude  flying  more  dependable. 


Locatton  of  turbo  boost  sslsctor  at  right  of  pilot  on  a  B-24  airplans 


the  intake  manifold  pressure,  is  a 
fixed  value  as  long  as  engine  rpm 
remains  constant.  Therefore,  to 
maintain  a  constant  manifold  pres¬ 
sure,  it  is  necessary  for  the  turbo¬ 
supercharger  to  maintain  a  con¬ 
stant  carburetor  inlet  pressure. 

Atmospheric  pressure  decreases 
with  an  increase  in  altitude,  as 
represented  by  the  atmospheric 
pressure  curve  on  the  chart.  -  It 
is  therefore  necessary  that  the 
turbine  unit  increase  in  speed  dur¬ 
ing  a  climb.  This  increase  in 
speed  is  represented  by  the  turbo 
rpm  line  on  the  chart;  it  will  be 


noted  that  the  maximum  turbine 
rpm  was  reached  at  approximately 
30,000  ft.  and  then  the  overspeed 
portion  of  the  turbo  governor  be¬ 
came  effective  to  prevent  further 
increase  in  speed. 

As  altitude  increased,  the  waste 
gate  moved  toward  a  closed  posi¬ 
tion  to  increase  turbo  rpm  by  in¬ 
creasing  the  pressure  differential 
across  the  turbine  wheel.  It  is 
evident  that  at  first  a  fairly  large 
amount  of  waste-gate  movement 
was  necessary,  but  as  the  waste 
gate  approached  and  passed  the 
half-closed  position,  very  little 
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FIG.  5 — Cunrus  showing  output  currents  of 
7C5  tubes  and  corresponding  currents  in 
amplifier  phase  of  waste-gate  motor  for 
both  types  of  bridge  unbalance 


FIG.  6 — Curves  showing  operation  of  turbo 
control  equipment  during  a  climb  from  5000 
ft  to  30.000  ft 
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Rodometric 
of  QUARTZ 


A  new  optical  method  of  determining 
the  positions  of  the  three  axes  within 
a  fraction  of  a  degree.  It  involves 
grinding  and  etching  a  small  window 
on  the  crystal,  and  observing  the 
characteristic  star-and<spots  pattern 
produced  at  this  window  hy  a  light 
beam 


Qnartx  cryttol  mounted  on  intermediate  iwiTel  fixture  in 
preparation  for  rodometric  examinertion 


facts  concerning  a  given  mother  ity  of  the  procedure.  It  is  not  neces- 
crystal  of  any  size  or  shape,  regard-  sary  for  the  operator  to  make  any 
less  of  the  absence  of  natural  faces :  dial  settings,  take  readings  or  re- 

(a)  Right  or  left-handedness.  member  numerous  conventions  re- 

(b)  Position  of  Z  (optical) axis,  garding  the  enantiomorphy  of 

(c)  Position  of  X  and  Y  axes.  quartz  or  the  polarity  of  axes. 

(b)  Polarity  of  axes. 

(e)  Presence  and  kind  of  twin¬ 
ning  at  the  etched  surface. 

The  accuracy  of  orientation  of 
the  axes  depends  somewhat  on  the 
skill  of  the  worker  and  the  time 
taken  for  the  observation.  Two 
minutes  manipulation  by  a  trained 
man  may  fix  all  axes  within  a  frac¬ 
tion  of  a  degree,  and  15  seconds 
manipulation  by  an  unskilled  worker 
may  result  in  an  error  up  to  2  de¬ 
grees.  Though  this  so-called  ro¬ 
dometric  method  has  been  used  suc¬ 
cessfully  in  commercial  practice  as 
a  substitute  for  x-ray  orientation 
methods,  more  usually  it  serves  to 
orient  the  mother  crystal  for  the 
first  cut  within  about  a  degree.  Any 
necessary  vernier  adjustments  in 
the  orientation  of  the  mounted 
crystal  on  the  saw  table  are  made 
by  means  of  the  usual  x-ray  data 
obtained  from  the  first  cut. 

Another  aim  that  has  been  real¬ 
ized  is  the  simplicity  and  uniform- 


ONE  OF  THE  important  steps  in 
the  production  of  quartz 
“crystals”  is  the  determination  of 
the  position  and  polarity  of  the 
axes,  the  “handedness”  of  the 
mother  crystal,  and  the  presence  of 
twinning.  Particularly  in  the  case 
of  crystals  that  have  no  well-devel¬ 
oped  natural  faces  this  usually 
necessitates  a  somewhat  lengthly 
procedure,  with  several  steps  in¬ 
volving  the  use  of  a  number  of  dif¬ 
ferent  instruments  by  several 
workers,  each  checking  one  of  the 
characteristics  in  turn. 

Attempting  to  improve  a  shorter 
method  of  orientation  originally 
proposed  by  de  Gramont,  Professor 
W.  G.  Cady  of  Wesleyan  University 
began  in  1939  an  investigation 
which  was  followed  by  further  de¬ 
velopment  by  Mr.  H.  H.  Hubbell.  At 
the  suggestion  of  Professor  Cady 
and  with  his  constant  advice  the 
author  took  up  further  investiga¬ 
tion  late  in  1940,  developing  the 
proposed  method  of  orientation 
with  reference  to  the  spots-and-star 
pattern  described  below. 

It  is  now’  possible  for  a  single 
w’orker  to  determine  simultaneously 
in  one  observation  the  following 


GivM  All  Data  la  Ooa  Stap 

The  process  begins  with  a  pre¬ 
liminary  inspection  of  the  crystal 
between  polaroids,  and  the  prepa¬ 
ration  of  a  small  etched  surface 
(“window”)  on  the  mother  quartz. 
The  crystal  is  then  mounted  on  a 
swivel  fixture  after  a  brief  optical 
check.  Crystal  and  fixture  are  trans¬ 
ferred  to  an  instrument  called  a 
rodometer,  where  the  complete  de¬ 
termination  of  characteristics  is 
made  optically  in  one  step.  Then 
the  crystal  is  re-mounted  for  the 
saw-table  and  is  ready  for  cutting. 
There  is  no  intermediate  cutting, 
and  only  one  remount  is  needed. 

Disadvantages  of  the  method 
are:  In  routine  use  the  final  orien¬ 
tation  of  the  crystal  is  usually  not 
better  than  i  to  one  degree;  op¬ 
tically  opaque  crystals  cannot  be 
oriented;  the  use  of  hydrofluoric 
acid  for  etching  may  be  objection¬ 
able;  use  of  the  method  requires 
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FIG.  1 — Appccmnic*  oi  etched  ground  surface  of  quarts  after  three 
hours  of  etching,  os  seen  through  a  microscope.  The  cracks  be¬ 
tween  the  triangular  etch  pits  and  pyramids  are  due  to  grinding 


FIG.  2 — Refracdon  pattern  for  left  quarts  as  seen  in  a  rodometer, 
on  a  translucent  screen  haring  a  superimposed  circular  net  draw¬ 
ing.  The  three  spots  ore  due  to  refraction  from  stable  etch  facets 


observance  of  patent  rights;  and 
two  mechanical  instruments  have 
to  be  built. 

The  Refraefiee  Potfere 

Rodometry  (from  rodere,  to  etch) 
uses  microscopically  small  facets 
that  appear  on  the  surface  of  crys¬ 
tals  upon  etching,  whose  shape  and 
orientation  are  characteristic  of 
both  the  crystal  on  which  they  ap¬ 
pear  and  the  direction  of  the  crystal 
surface  with  respect  to  the  axes. 
Several  previous  attempts  have 
been  made  to  determine  the  orien¬ 
tation  of  a  given  face  or  cut,  either 
from  the  appearance  of  the  etch 
figures  themselves  as  seen  under 
the  microscope,  or  from  the  light- 
pattern  obtained  by  reflection  or 
refraction  from  the  facets.*  How¬ 
ever,  the  direction  of  the  facets 
used  in  most  cases  changes  errat¬ 
ically  with  such  factors  as  length 
of  etching  time,  concentration  of 
etching  agent,  etc.  Therefore,  such 


orientation  methods  are  only  ap¬ 
proximate  at  best. 

Yet,  for  certain  specific  reasons* 
there  will  be  some  etch  facets  that 
are  not  dependent  on  these  extran¬ 
eous  conditions,  and  they  can  pro¬ 
duce  refraction  patterns  that  may 
always  be  related  accurately  to  the 
orientation  of  a  crystal.  These  sta¬ 
ble  facets  appear  best  in  the 
scratches  of  a  ground  quartz  sur¬ 
face  that  is  approximately  parallel 
to  the  XY  plane,  after  2  to  3  hours 
of  etching  in  hydrofluoric  acid.  Fig¬ 
ure  1  shows  the  appearance  of  the 
etched  surface  under  the  micro¬ 
scope. 

The  trigonal  etch  pits  and  pyra¬ 
mids  on  the  surface  produce  on  a 
translucent  screen  the  star-like  tri¬ 
angular  refraction  pattern  in  Fig. 
2  when  a  strong  narrow  collimated 
beam  of  light  is  passed  through 
the  crystal  along  the  Z  axis.  The 
three  “spots”  in  Fig.  2  are  due  to 
refraction  from  the  “stable”  etch 


facets  in  the  scratches  of  the  sur¬ 
face,  and  these  make  possible  a 
precise  orientation  of  the  etched 
crystal. 

iRtarpretotioii  of  Potf*r« 

The  following  empirical  relation¬ 
ships  exist  between  the  light  pat¬ 
tern  produced  by  them  on  a  trans¬ 
lucent  screen  and  the  characteris¬ 
tics  of  the  mother  crystal : 

(a)  The  Z  axis  is  parallel  to  the 
light  beam  producing  the  refrac¬ 
tion  pattern  if  the  pattern  is  centro- 
symmetrical,  i.e.,  if  the  three  spots 
appear  equidistant  from  each  other 
and  from  the  center  as  observed  on 
the  fixed  superimposed  “net”  on  the 
ground  glass  screen. 

(b)  The  crystal  is  right-handed 
if  the  spot-pattern  appears  to  be 
rotated  clockwise  with  respect  to 
the  apices  or  points  of  the  star-pat¬ 
tern;  left-handed  if  rotated  coun¬ 
terclockwise. 

(c)  The  Y  axes  are  parallel  to 
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ing  “mud”  is  to  be  renewed  fre¬ 
quently  and  must  be  kept  free  from 
oil  and  grease,  because  it  is  essen¬ 
tial  that  the  window  be  kept  clean 
throughout  the  process. 

(e)  The  mother  crystals — or  at 
least  the  windows — are  placed  in  a 
hard  rubber  etching  vessel  contain¬ 
ing  a  mixture  of  three  parts  of  ap¬ 
proximately  60  percent  commercial 
hydrofluoric  acid  and  one  part  tap 
water.  These  proportions  and  the 
temperature  are  not  critical,  but  the 
acid  should  be  stirred  constantly 
and  renewed  fairly  regularly.  After 
two  to  three  hours  the  crystals  are 
removed  and  rinsed.  They  are  now 
ready  for  orientation. 

Preparation  for  Orientation 

Up  to  this  point  it  has  not  been 
necessary  to  mount  the  crystal  or 
to  use  any  jigs,  since  the  window 
can  be  made  by  pressing  the  quartz 
against  a  grinding  wheel  by  hand. 
From  here  on,  however,  the  crystal 
has  to  be  related  to  a  fixed  refer¬ 
ence  system  in  the  orientation  pro¬ 
cedure.  For  this  purpose  the 
mother  crystal  can  now  conceivably 
be  mounted  directly  and  perma¬ 
nently  on  the  swivel  fixture  used  on 
the  saw  table;  or,  as  is  actually  be¬ 
ing  done,  it  is  mounted  on  an  in¬ 
termediate  swivel  fixture  from 
which  it  can  be  transferred  to  the 
saw  table  after  the  one-step  orien¬ 
tation  procedure.  In  both  cases  it 
facilitates  subsequent  manipula¬ 
tion  if  the  crystal  is  mounted  with 
an  X  axis  approximately  perpen¬ 
dicular  to  the  mounting  surface.  In 
case  the  intermediate  fixture  is 
used  the  mounting  procedure  is  as 
follows : 

(a)  Place  the  etched  window 
near  the  eye,  and  the  opposite  end 
of  the  crystal  in  a  flat-bottomed 
dish  containing  a  compensating  oil 
bath.  (This  apparatus  is  sometimes 
called  a  rodoscope.)  If  light  passes 
from  a  pin-hole  under  the  dish 
through  the  crystal  approximately 
along  the  Z  axis,  a  refraction  pat¬ 
ter  is  seen  equivalent  to  Fig.  1.  That 
figure,  however,  was  obtained  on  a 
screen  rather  than  by  direct  view¬ 
ing.  For  the  same  position  of  the 
crystal  the  two  patterns  are  rotated 
180  deg  with  respect  to  each  other; 
therefore  the  directions  of  the  posi¬ 
tive  X  axes  are  approximately  in 
the  direction  of  the  star-points  as 
seen  in  the  rodoscope. 


FIG.  3 — ^Ralationaliip  batwoan  oxos  and 
light  pattorn  for  loft  quarts,  in  which  tho 
spot  pottom  appears  to  be  rotated  coun¬ 
terclockwise  from  the  star  points 


FIG.  4 — Effect  of  die  two  types  of  twin¬ 
ning  on  the  refraction  pattern  os  the 
etched  surface  is  mored  in  a  plane  per¬ 
pendicular  to  the  light  beam 


lines  drawn  through  the  center  of  deviate  from  the  average  by  as 
the  syrmmetrical  pattern  toward  the  much  as  20  deg,  depending  on  time 
spots,  but  rotated  2  degrees  in  the  of  etching,  etc.  But  because  the  ro- 
XY  plane  toward  the  nearer  point  dometric  method  relies  on  the  stable 
of  the  star-pattern  (see  Fig.  3).  position  of  the  spots  the  determina- 

(d)  If  we  assume  that  the  -t-Z  tion  of  orientation  will’not  be  af- 
axis  points  toward  the  observer,  fected  by  the  erratic  behavior  of 
the  negative  ends  of  the  Y  axes  are  the  star. 

those  that  point  toward  the  spots;  . 

therefore,  the  ends  of  the  Y  axes  Froduetlou  of  tho  Etch  Pattorn 

pointing  away  from  the  respective  The  following  is  a  simplified  out- 
spots  are  positive.  (In  this  paper  line  of  the  standard  treatment  of  a 
the  IRE  convention*  for  signs  and  mother  quartz,  from  the  initial 
axes  is  followed  throughout.)  sorting  to  the  point  where  the  orien- 

(e)  The  X  axes  of  the  crystal  tation  can  be  determined. 

are  parallel  to  lines  through  the  (a)  Examination  of  the  mother 

center  of  the  pattern  and  at  right  quartz  for  flaws. 

angles  to  the  Y  axes.  (b)  Simultaneous  examination 

(f)  The  ends  of  the  X  axes  for  excessive  optical  twinning  and 

pointing  toward  the  points  of  the  approximate  location  of  optical 
star  are  negative.  axis,  using  polarized  light. 

(g)  The  presence  of  twinning  on  (c)  Preparation  of  the  “win- 

the  surface  is  detected  by  moving  dow*’ :  After  immersion  of  the  crys- 
the  etched  surface  in  a  plane  per-  tal  in  the  oil  bath,  it  is  cleaned  well, 
pendicular  to  the  light  beam;  at  a  and  an  area  of  the  size  of  a  half  dol¬ 
twinning  boundary  the  refraction  lar  is  cut  or  ground  on  the  crystal 
pattern  changes  abruptly  according  in  a  plane  that  is  not  much  more 
to  the  kind  of  twinning.  than  10  deg  from  the  XY  plane. 

(h)  Optical  (Brazilian)  twinning  The  smaller  the  deviation,  the  bet- 
is  present  if  the  pattern  changes  ter  will  be  the  subsequent  refrac- 
from  a  typical  left-hand  to  a  right-  tion  pattern.  If  the  crystal  is  badly 
hand  pattern,  or  vice  versa;  the  damaged  on  the  side  opposite  the 
spots  will  be  found  on  the  opposite  window,  a  second  similar  face 
sides  of  the  star  in  the  twinned  area  should  be  made  there. 

(see  Fig.  4a).  (d)  Grinding  of  the  “window”. 

(i)  Electrical  (Dauphin^)  twin-  With  carborundum  (grade  100) 
ning  is  characterized  by  a  rotation  scratches  are  grround  on  the  win- 
of'the  whole  pattern  for  180  deg  in  dow,  either  on  a  glass  plate  or  on  a 
the  twinned  area;  the  spots  remain  rotating  horizontal  grinding  wheel, 
on  the  same  side  of  the  star  (see  The  grinding  should  be  random  and 
Fig.  4b).  It  is  to  be  noted  that  the  thorough  (this  step  might  be  re¬ 
position  of  the  star-points  may  placed  by  sand-blasting) .  The  grind- 
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(b)  Mark  the  approximate  direc¬ 
tion  of  the  star-points  on  the  edges 
of  the  etched  window,  and  mount 
the  mother  crystal  with  wax  on  the 
fixture,  with  one  of  the  three  X 
axes  perpendicular  (negative  end 
of  axis  toward  mounting  surface, 
i.e.,  corresponding  mark  on  win¬ 
dow  away  from  fixture).  The  fix¬ 
ture  can  be  a  photographic  pan-head 
with  ball  and  locking  handle,  fitted 
with  a  removable  mounting  plate 
for  the  crystal  (Fig.  5). 

(c)  As  seen  in  Fig.  5,  the  fixture 
and  the  rectangular  rod  to  which  it 
is  rigidly  attached  are  transferred 
with  the  mounted  crystal  to  the 
rodometer.  There  the  rod  makes  a 
smooth  fit  and  can  be  clamped  in  a 
fixed  horizontal  socket. 

Tk*  Rodomctrie  Exaniaafioa 

Several  different  models  of  the 
rodometer*  have  been  made;  in  es¬ 
sence  this  instrument  consists  of  a 
strong  light  source  which  provides 
a  narrow  collimated  beam  by  means 
of  a  lens  system;  the  light  passes 
vertically  through  the  horizontal 
plate-glass  bottom  of  an  oil  bath 
into  which  the  lower  end  of  the 
crystal  is  immersed.  Upon  refrac¬ 
tion  by  the  etch  facets  on  the  win¬ 
dow,  the  light  pattern  is  focussed 
on  a  ground  glass  screen  by  a  lens. 

It  is  the  task  of  the  operator  to 
bring  the  light  pattern  appearing 
on  the  translucent  screen  into  coin¬ 
cidence  with  the  photographically 
superimposed  line  drawing  (such 
as  is  reproduced  in  Fig.  6).  This 
he  does  by  looking  at  the  screen, 
either  in  a  darkened  room  or 
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FIG.  6 — Superimposed  reference  draw¬ 
ing  for  interpreting  refraction  patterns 


through  a  light-shielding  hood, 
while  manipulating  fixture  and 
mounted  crystal  until  coincidence  of 
drawing  and  light  pattern  is 
achieved,  at  which  point  the  fixture 
is  locked  by  a  turn  of  the  knob 
(see  Fig.  5.  The  additional  arm  is 
not  essential). 

If  the  translucent  screen  is  per¬ 
pendicular  to  the  undeviated  light 
beam  which  would  strike  the  center 
of  the  superimposed  line  drawing, 
the  Z  axis  of  the  crystal  is  parallel 
to  the  direction  of  the  light  beam 
whenever  the  light  pattern  appears 
symmetrical  on  the  screen.  Sym¬ 
metry  is  established  if  the  three 
spots  of  the  light  pattern  fall  into 
the  center  of  the  three  rings  pro¬ 
vided  on  the  drawing.  Owing  to  the 
erratic  behavior  of  the  stars,  their 
positions  may  deviate  somewhat 
from  the  drawn  figure. 

The  screen  shows  a  separate 
drawing  for  right  and  for  left 
quartz,  because  it  can  then  be  pre¬ 
set  with  respect  to  the  fixed  rod  at¬ 
tached  to  the  fixture,  so  that  lock¬ 
ing  the  fixture  after  the  orientation 
procedure  will,  in  our  example,  al¬ 
ways  result  in  the  X  axis  of  the 
crystal  being  accurately  parallel  to 
the  length  of  that  rod  (negative 
end  of  axis  in  direction  of  free  end 
of  rod),  regardless  of  whether  it 
be  right  or  left  quartz. 

Before  removing  crystal  and  fix¬ 
ture  from  the  rodometer,  the  worker 
makes  a  mark  on  the  window  to  in¬ 
dicate  the  hand  of  the  crystal.  By 
observation  of  the  light  pattern  he 
has  already  noticed  during  the  first 
stages  of  the  manipulation  whether 


FIG.  7 — Final  mounting  of  cryital  in 
icaifold 


FIG.  5 — Uppor  port  of  rodomoter 


twinning  occurred  on  the  window, 
and  what  kind;  if  desired,  a  code 
mark  with  that  information  is  also 
put  on  the  mother  crystal. 

The  rod  with  fixture,  etc.,  is  now 
slid  out  from  socket  and  rodometer, 
and  the  oil  on  the  lower  portion  of 
the  crystal  is  cleaned  off.  The  orien¬ 
tation  of  the  crystal  is  now  fixed  by 
the  following  facts: 

(a)  The  right-  or  left-handed¬ 
ness  is  marked  on  the  window. 

(b)  The  X,  Y  and  Z  axes  of  the 
crystal  are  parallel  to  the  three 
edges  of  the  rectangular  rod,  if  the 
rodometer  is  correctly  lined  up. 

(c)  If  the  positive  Z  axis  is  as¬ 
sumed  to  point  upward  from  the 
window  and  a  positive  X  axis  points 
out  from  the  unmounted  side  of  the 
crystal  and  parallel  to  the  length 
of  the  rod,  then  a  Y  axis  makes  an 
orthogonal  righthanded  axial  sys¬ 
tem  for  right  quartz,  and  a  left- 
handed  axial  system  for  left 
quartz*. 

Transfer  to  Saw  Toblo 

The  orientation  of  the  crystal 
having  been  determined,  the  mother 
crystal  is  re-cemented  on  its  free 
side  on  a  glass  plate  for  final  cut¬ 
ting,  usually  with  the  positive  X 
axis  perpendicularly  downward, 
and  the  Y  and  Z  axes  (in  the  same 
plane  as  the  plate)  making  any  de¬ 
sired  angle,  usually  zero  degrees, 
with  a  ground  reference  edge  of  the 
glass  plate. 

The  procedure  for  cementing  is 
indicated  by  the  schematic  drawing 
in  Fig.  7.  The  rod  is  slid  into  a 
vertical,  tightly  fitting  socket  of  the 
“scaffold”  where  it  can  be  clamped. 

(Continued  on  page  252) 
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FIG.  1  —  Basic  copacttor-dis- 
chor9«  wsldlng  circuit  (Mt). 
and  tlmpllfiod  •qulTaUnl  cir¬ 
cuit  (right) 
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Capacitor-Discharge 


The  method  of  welding  with  elec¬ 
trostatically  stored  energy  em¬ 
ploys  a  capacitor  bank,  usually  of 
several  thousand  microfarads, 
charged  to  1500  to  3000  volts.  This 
capacitance  is  discharged  into  the 
primary  of  the  welding  trans¬ 
former,  the  secondary  of  which, 
usually  a  single  turn,  connects  to 
the  welding  electrodes.  The  fre¬ 
quency  at  which  this  transformer 
operates  is  the  natural  frequency 
of  the  circuit  and  varies  with  the 
size  of  the  capacitor  bank,  the  in¬ 
ductance  of  the  welding  circuit  and 
the  turns  ratio  of  the  transformer. 
The  wave  shape  of  the  welding  dis¬ 
charge  is  a  more  or  less  attenuated 
sine  Wave  Vhich  in  some  systems 
leads  into  an  exponential  discharge 
curve.  In  other  systems  the  dis¬ 
charge  wave  is  terminated  after 
duration  of  one  half  or  one  full 
cycle. 

Under  no  conditions  must  the 
transformer  be  allowed  to  saturate. 
A  convenient  way  to  check  the  weld¬ 
ing  transformer  against  saturation 
is  to  compare  the  wave  shapes  of 
primary  and  secondary  current.  If 
saturation  starts,  the  primary  cur¬ 
rent  rises  and  the  secondary  power 
is  reduced.  The  results  are:  (1) 
Loss  of  energy  in  the  transformer; 
(2)  Non-repeatability  of  weld  heat; 
(3)  Possible  damage  to  control  ele¬ 
ments  in  the  primary  circuit. 

In  the  following  a  method  is  pre¬ 
sented  which  allows  a  quick  deter¬ 
mination  of  the  maximum  incre¬ 
mental  flux  density  occurring  in 
the  welding  transformer  under 


various  conditions.  In  addition, 
formulas  and  graphs  are  developed 
to  show  voltages,  currents,  and  dur¬ 
ation  of  the  successive  phases  of 
the  capacitor  discharge  welding 
current. 

Wav*  Shop*  of  W*ldi*9  C*rr**t 

Welding  circuits  of  the  type  un¬ 
der  consideration  generally  consist 
of  the  capacitor  battery,  the  weld¬ 
ing  transformer  (with  electronic 
tubes  as  switching  elements),  and 
the  secondary  loop  with  the  welding 
load.  This  circuit  is  shown  in  Fig. 
1.  The  discharge  is  initiated  by 
the  series  tube,  and  is  terminated 
by  the  shunt  tube,  or  in  some  sys¬ 
tems  by  the  inverse  tube. 

The  coupled  circuits  can  be  sim¬ 
plified  to  the  equivalent  circuit 
shown  in  Fig.  1  by  transposing  the 
secondary  inductance  and  resis¬ 
tance  values  L»  and  Rs  into  the  pri¬ 
mary  circuit  according  to  the  rela¬ 
tions 

R^n'R,  (1) 

L  =  n*l,  (2) 

where  n  is  the  turns  ratio  of  the 
welding  transformer.  It  has  been 
shown  by  direct  measurements  that 
the  reflected  resistance  R  and  induc¬ 
tance  L  by  far  outweigh  the  resis¬ 
tance  and  inductance  of  the  pri¬ 
mary  circuit,  including  leakage  in¬ 


FIG.  2 — Attenuation  triangl*  expressing 
relations  in  a  capacitor-discharge  weld¬ 
ing  circuit,  worked  out  here  for  the 
circuit  constants  given  in  the  example 
at  the  end  of  the  article 


ductance  and  the  resistance  of  the 
transformer  primary. 

The  attenuation  of  the  welding 
circuit  is  expressed  by  the  attenu¬ 
ation  angle  S  as  follows: 

Using  Eq.  (1)  and  (2),  the  at¬ 
tenuation  angle  is  obtained  from 
the  original  circuit  constants  La,  Rs, 
C  and  n,  which  are  known  to  the 
transformer  designer. 

With  increasing  turns  ratio  the 
attenuation  of  the  welding  dis¬ 
charge  increases,  until  when  n  is 
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Voltage,  current  and  time  relations  for  the  successive  phases  in  capacitor-discharge 
welding  are  developed  for  shunt  and  inverse  tube  circuits,  and  a  quick  method  is  given 
for  determining  whether  undesirable  saturation  exists  in  the  welding  transformer 


Welding  Systems 


equal  to  the  critical  turns  ratio  no, 
the  circuit  is  critically  damped.  The 
corresponding  critical  turns  ratio 
is  therefore  defined  as 

® 

Having  determined  the  critical 
turns  ratio  nc  from  the  circuit  con¬ 
stants,  it  is  possible ,  to  draw  the 
attenuation  triangle  for  any  turns 
ratio  of  the  welding  transformer. 
That  construction  will  allow  a  sim¬ 
ple  scaling  of  the  constants  of  the 
current  equation. 

The  attenuation  triangle  is  a 
right  triangle  with  the  base  and 
hypothenuse  drawn  in  proportion 
to  n  and  n,  respectively,  as  in  Fig. 


2.  The  top  angle  is  S,  the  attenua¬ 
tion  angle  of  the  welding  circuit, 
and  the  complementary  base  angle 
is  4>,  the  phase  angle  between  volt¬ 
age  and  current  in  the  weld  circuit. 

If  the  base  is  scaled  in  propor¬ 
tion  to  Rl2L,  which  is  the  inverse 
oscillation  time  constant  of  the 
welding  circuit  (dimension  sec**)i 
the  altitude  will  read  the  natural 
frequency  v/2ii  of  the  welding  cir¬ 
cuit. 

Thus,  reading  o  and  v  from  the 
attenuation  triangle,  the  current 
equation 


Eo 


IS 


VL/C  C08  5 
easily  evaluated. 


sm  vt 


(6) 

The  value 


VL/C  can  be  read  from  the  attenu¬ 
ation  triapgle,  being  the  hypoten¬ 
use  if  the  base  is  made  equal  to  R/2 
ohms. 

From  Eq.  (6),  the  time  in  sec¬ 
onds,  counting  from  the  beginning 
of  the  weld,  at  which  the  welding 
current  reaches  its  peak  is 

Tm  =  <p/v  (7) 

This  current  maximum  has  a 
value  in  amperes  equal  to 

*  -“‘V  ■  •  (8) 

VI/C 

Systems  with  Sheet  Tebe 

In  welding  systems  using  a  shunt 
tube  the  welding  energy  is  pre¬ 
vented  from  oscillating  back  into 
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volts.  The  duration  of  the  welding 
period  is  T',  =  28  x  10'*  sec. 

FIsx  Density  ia  Welding  Transformer 

If  the  transformer  saturates,  the 
above  equations  do  not  apply  any 
more  because  L  becomes  a  function 
of  i.  The  magnetizing  current, 
which  was  neglected,  grows  to  a 
substantial  value ;  primary  and 
secondary  current  wave  shapes  do 
not  agree  any  more.  Briefly,  the 
primary  current  grows  in  peak 
value  and  in  tail  length,  and  its  enr 
ergy  is  largely  wasted  in  the  iron. 
Subsequent  welds  get  weaker  and 
weaker,  and  a  danger  point  is 
reached  if  the  tail  is  so  long  that 
the  transformer  is  still  energized 
when  the  next  weld  is  started. 

For-  these  reasons  a  check  of  the 
maximum  flux  in  the  welding  trans¬ 
former  is>  desirable.  A  relation  be¬ 
tween  4:his  maximum  flux  and  the 
transformer  turns  ratio  can  be  de¬ 
veloped  from  the  fundamental  flux 
equation :  .  .. . . 


^  ^  [lA  +  «ii]  V-?  (18) 

d  —  -  ~  [f/x  +  C  (19) 

Here  Ik  is  the  commutating  cur¬ 
rent  of  Eq.  (10).  Since  7,  flows  at 
zero  voltage,  which  is  the  time 
when  the  capacitors  have  trans¬ 
ferred  their  total  energy  into  the 
welding  circuit,  these  equations 
hold  for  circuits  using  an  inverse 
tube  as  well  as  a  shunt  tube.  Sub¬ 
stituting  Eq.  (10)  into  Eq.  (19), 
we  get 

fx  -  X  10-«|VI7C  *-('-»)  *«• »  + 
n  ^  ™  ^  4*  di  (20) 

Thus  dx  can  be  readily  flgured 
when  «  and  d  *>*6  taken  from  the 
attenuation  triangle  (Fig.  2). 

The  maximum  flux  in  capacitor 
impulse  welding  transformers  is 
composed  of  two  terms,  and 
Only  is  linearly  growing  with  the 
turns  ratio  n;  </>i  is  decreasing  in  a 
somewhat  exponential  manner  from 
an  initially  high  value,  and  disap¬ 
pears  at  the  approach  of  critical 
damping.  The  sum  <f>u  rises  very 
slowly  at  low  turns  ratios  and,  in 
fact,  does  not  change  too  much 
under  practical  conditions. 

Flux  conditions  for  a  trans¬ 
former  in  the  above  calculated 
welding  circuit  are  plotted  in  Fig. 


4  over  the  transformer  turns  ratio. 
The  total  flux  rises  only  about  60 
percent  for  a  change  of  turns  ratio 
from  100  to  450  turns. 

While  the  maximum  flux  rises 
in  proportion  to  the  applied  ca¬ 
pacitor  voltage,  it  also  increases 
in  an  almost  linear  manner, 
though  not  in  proportion,  with  the 
capacitor  size.  To  illustrate  this 
relation  the  flux  conditions  in  the 
welding  transformer  are  plptted  in 
Fig.  5  under  constant  voltage  and 
turns  ratio  as  a  function  of  the 
capacitor  size.  Again,  as  Eq.  (20) 
shows,  the  two  flux  components 
rise  in  a  different  manner;  one  is 
proportional  to  the  capacitance, 
and  the  other,  except  for  very  low 
values,  is  almost  constant.  The  re¬ 
sulting  maximum  flux  line  is  fairly 
straight  for  practical  capacitor 
sizes.  The  flux  scale  of  Fig.  5  ap¬ 
plies  to  the  above  calculated  weld¬ 
ing  circuit  and  a  turns  ratio  of 
150:1. 

Some  welding  systems  operate 
with  such  a  high  transformer  turns 
ratio  that  the  capacitor  discharge 
is  aperiodically  damped.  (n>nj. 


In  these  circuits  the  welding  dis¬ 
charge  is  carried  by  the  series  tube 
alone  and,  since  there  is  no  reversal 
in  the  direction  of  power  flow,  the 
series  tube  may  be  replaced  by  a 
contactor.  Disadvantages  of  this 
system  are  long  duration  of  the 
welding  discharge  and  a  high  flux 
in  the  transformer. 

In  all  welding  circuits  using 
capacitor  discharge  power  of  sub¬ 
stantially  unidirectional  flow,  pre¬ 
cautions  have  to  be  taken  against 
saturation  of  the  transformer  re¬ 
sulting  from  incomplete  demagne¬ 
tisation  after  subsequent  impulses. 
To  this  effect  in  some  systems  the 
primary  transformer  connections 
are  reversed  after  each  weld.  This 
is  done  either  by  means  of  me¬ 
chanical  contactors  or  by  a  double 
set  of  discharge  tubes.  In  other 
systems,  electronic  flux  reset  ar¬ 
rangements  are  used  to  counteract 
or  reverse  the  residual  trans¬ 
former  flux  in  the  time  between 
the  welds.  In  systems  handling 
small  amounts  of  power  only,  some¬ 
times  an  air  gap  in  the  welding 
transformer  is  provided. 
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the  primary  circuit.  Neglecting 
tube  drops,  the  current  commutates 
from  series  tube  to  shunt  tube  at 
the  time  when  the  capacitors  are 
fully  discharged.  This  time  in  sec¬ 
onds  is 

r*  -  (*■  —  (9) 

The  commutating  current  in  am¬ 
peres  at  this  time  has  the  value 

,  Et  ~  (^<r)  •“  * 

<LiC* 

After  this  commutation  the  weld¬ 
ing  circuit  is  changed;  the  capac¬ 
itor  being  disconnected,  the  cur¬ 
rent  decays  exponentially  according 


as  a  coupled  system  (Fig.  1),  it  is  The  inverse  voltage  peak  in 
evident  that  a  residual  current  in  volts  is 
the  secondary  keeps  on  flowing 
after  the  primary  current  thus  has 
ceased  to  flow.  This  residual  cur¬ 
rent  has  an  initial  amplitude  n\r 
of  several  hundred  amperes  and 
dies  out  with  the  time  constant 
LajRa.  Unless  suppressed  by  addi¬ 
tional  means,  discussion  of  which  is 
outside  the  scope  of  this  communi¬ 
cation,  this  residual  current  may 
cause  excessive  sparking  at  the  mo¬ 
ment  when  the  electrodes  are 
opened. 


volts. 

perio< 


—  »•"*  (13) 

The  inverse  current  in  amperes 
rises  to 
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“  “  -nTITc 

and  the  residual  capacitor  voltage 
at  the  end  of  the  welding  period  is 

«-*»<••  I  (15) 

Finally,  the  time  in  seconds  of 
the  welding  period  is 


System  with  levers*  Tebe 

In  the  capacitor  discharge  weld¬ 
ing  system  using  an  inverse  tube 
instead  of  the  shunt  tube,  the  series 
tube  stays  conducting  until  the  cur¬ 
rent  wave  has  gone  to  zero.  At  this 
time,  while  the  capacitor  voltage 
passes  its  negative  peak,  the  cur¬ 
rent  commutates  from  series  to  in¬ 
verse  tube.  Through  the  inverse 
tube  the  former  half  cycle  is  re- 
(12)  peated  with  decreased  amplitudes 
*  f '  and  in  opposite  direction,  and  at  the 

which  also  designates  the  duration  end  of  the  full  period  the  capacitors 
of  the  weld.  carry  a  residual  charge  of  the 

Considering  the  welding  circuit  original  sign. 


ExampI*. 

In  a  typical  welding  equipment 
the  measured  secondary  resistance 
value  Ra  was  1.14  x  10’*  ohms.  This 
resistance  value  is  much  larger 
than  the  resistance  of  the  actual 
weld,  which  in  the  case  of  alumi¬ 
num  is  of  the  order  of  10'*  to  10  * 
ohms.  The  secondary  inductance 
La  was  9  X  10'*  henry.  (The  induc¬ 
tance  varies  mainly  with  throat 
depth  and  height.)  The  machine 
was  run  at  C  =  840  id  and  E,  = 
3000  volts.  The  turns  ratio  of  the 
welding  transformer  was  n  =  150. 

From  these  data  and  Eq.  (6)  the 
critical  turns  ratio  is  determined 
to  be  nc  =  675.  The  time  constant 
L/R  is  7.9  X  10‘*  sec. 

The  attenuation  triangle  is  drawn 
as  shown  in  Fig.  2.  The  following 
data  are  scaled  from  the  triangle: 
a  =  15®;  <f>  =  76®;  v  =  222,  which 
corresponds  to  a  natural  frequency 
of  86.4  cps.  With  these  data  sub¬ 
stituted  into  the  above  equations, 
the  following  results  are  obtained: 
Tm  =  6.9  X  lO'*  sec;  I*  =  476  amp; 
Tk  -  8,2  X  10  *  /«  =  406  amp. 

In  the  system  with  the  shunt 
tube,  commutation  takes  place  at 
this  moment  Tg.  An  exponentially 
decaying  current  ia  flows  from  here 
on  and  comes  to  an  end  after  a  to¬ 
tal  duration  of  the  weld  of  approxi¬ 
mately  Tr  =  40  X  10‘*  sec. 

If  the  same  system  is  operated 
with  an  inverse  tube  instead  of  the 
shunt  tube,  energy  flows  back  from 
the  secondary  circuit  through  the 
series  tube  into  the  capacitors, 
which  swing  negative  to  —  E„,m  = 
1300  volts.  There  the  inverse  tube 
picks  up,  the  inverse  current  rises 
to  —  Im.M  =  200  amp,  and  the  resi¬ 
dual  positive  capacitor  voltage  at 
the  end  of  the  weld  is  Er  =  565 


t,  (11) 

This  current,  reaches  its  end 
abruptly  at  the  moment  when  it  is 
too  small  to  support  the  cathode 
spot  in  the  shunt  tube.  This  extinc¬ 
tion  usually  takes  place  somewhere 
between  6  and  3  amp.  (falling  the 
extinction  value  of  the  current  h, 
the  time  of  extinction  in  seconds 
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FIG.  4 — Maximum  Ilux  in  the  welding  transiormer  of  a  capacitor-discharge 
circuit,  plotted  os  a  function  of  the  turns  ratio.  Circuit  constants  employed  are 
those  of  the  example 
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Inspection  Methods 


Cracks,  differences  in  hardness,  changes  in  dimensions  and  variations  in  the  composi¬ 
tion  of  many  materials  can  he  quickly  detected  hy  new  techniques  utilizing  supersonic 
frequencies.  Three  different  methods,  all  involving  electronic  circuits,  are  described 


form  of  a  disc  dimensioned  to  reson¬ 
ate  at  a  certain  frequency. 

The  types  of  flaws  which  produce 
deviations  from  normal  frequency 
in  an  article  are  cracks,  a  change  in 
hardness,  changes  in  dimensions, 
and  changes  in  composition.  Not  all 
articles  can  be  tested  by  this  method 
because  of  such  factors  as  configur¬ 
ation  and  wide  variations  in  dimen¬ 
sions,  hence  discretion  should  be 
used  when  trying  to  adapt  this 
method  of  inspection  to  any  specific 
item. 

When  an  article  is  found  which 
can  be  tested  by  measuring  its  vi¬ 
bration  frequency,  the  procedure  is 
as  follows:  Several  good  samples 
are  procured  and  a  frequency  test 


is  made.  This  test  consists  of  vi¬ 
brating  the  article  by  striking  it 
on  a  hard  surface  and  allowing  it 
to  vibrate  freely,  and  picking  up 
and  tabulating  the  sound  fre¬ 
quencies.  The  tabulated  frequencies 
are  then  analyzed  and  the  band 
widths  established.  Some  band¬ 
width  latitude  is  necessary  because 
of  small  variations  in  dimensions  in 
the  articles. 

Next,  the  production  test  instru¬ 
ment  is  constructed.  It  normally 
consists  of  an  amplifier  having  a 
band-pass  filter,  a  trigger  tube  and 
an  indicator.  The  completed  instru¬ 
ment  will  pick  out  any  article  which 
does  not  have  the  same  vibration 
characteristics  as  the  standard  ar¬ 


ticles,  regardless  of  whether  the 
sound  can  be  heard,  since  the  tone 
differentiation  is  done  in  the  tuned 
amplifier. 

A  circuit  which  has  been  used 
for  frequency  discrimination  of 
sounds  above  20,000  cps  is  shown  in 
Fig.  2.  This  circuit  is  capable  of 
good  selectivity  and  will  withstand 
ambient  temperatures  without 
changing  the  frequency  response. 

The  circuit  includes  a  pre-ampli¬ 
fier,  a  limiter,  a  broadly  tuned 
fundamental  amplifier  and  a  har¬ 
monic  generator  using  a  triode  as  a 
class  C  amplifier.  The  triode  is 
biased  in  such  a  manner  that  the 
tube  conducts  only  when  the  volt¬ 
age  applied  to  the  grid  exceeds  a 
nominal  voltage,  thus  creating  dis¬ 
tortion  of  the  signal  and  producing 
harmonics  in  the  plate  load.  The 
plate  load  circuit  is  an  i-f  trans¬ 
former  resonating  at  about  175  kc. 
This  is  followed  by  a  conventional 
i-f  amplifier  stage  and  a  diode  recti¬ 
fier  which  provides  a  direct  voltage 
for  operating  a  trigger  tube.  The 
purpose  of  the  tuned  amplifier  for 
the  fundamental  sound  frequency 
is  to  allow  only  those  frequencies 
which  are  in  the  prescribed  band 
width  to  reach  an  amplitude  great 
enough  to  operate  the  harmonic 
generator;  selective  harmonic  gen¬ 
eration  is  thus  attained. 

For  an  example,  let  us  assume 


FIG.  1 — Qrcolt  oi  audio  botorodyno  ampli- 
fior  used  to  mako  tuporaonic  Tibrationi 
audibU 


FIG.  2  (riqbt) — Circuit  usod  to  dalivor 
a  Toltago  to  a  triqqor  tub*  wboa  lupor- 
roaic  rlbrotions  pickod  up  by  a  crystal 
microphono  aro  outsldo  prodotormiaod 
suporsonic  froquoncy  limits 
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Complatad  audio  hotorodyno  ompUlior 
usod  to  pick  up  inaudiblo  lounds. 
amplify  thorn  emd  produco  a  noto  of 
proportional  loud  no—  in  dio  ondiblo 
rongo.  Loudspookor  grillo  is  at  loft  on 
panol,  ond  crystrd  microphono  grillo  at 
right 


Suporsonic  Instrumont  for  inspocting 
stool  punch—.  Punches  oro  topped  on 
the  onril  lust  under  the  grille  protecting 
the  crystal  microphone.  If  the  super* 
sonic  Tibration  frequency  of  a  punch  is 
outside  the  predetermined  pa—  bondL 
the  indicator  lamp  at  the  top  of  the 
instrument  is  automatfcally  turned  on 


IN  THE  MANUFACTURE  and  dis¬ 
tribution  of  coin-operated  bever¬ 
age  vending  machines,  one  of  the 
problems  encountered  was  the  loss 
of  revenue  when  slugs  were  inserted 
in  these  machines.  One  of  the  solu¬ 
tions  proposed  was  the  measure¬ 
ment  of  sound  .frequencies  given  off 
by  the  various  coins  when  set  into 
vibration,  as  a  means  of  slug  detec¬ 
tion.  This  naturally  entailed  the 
use  of  electronics  as  the  means  of 
detecting  and  selecting  these  sonic 
frequencies,  and  therefore  an  elec¬ 
tronic  research  and  development 
laboratory  was  established  for  the 


purpose  by  The  Vendo  Company 
about  five  years  ago. 

Experiments  on  specimens  of 
various  metals,  made  into  slugs  of 
the  same  dimensions  as  genuine 
coins,  indicated  that  those  slug 
metals  having  a  lower  modulus  of 
elasticity  than  metals  in  genuine 
coins  would  vibrate  at  a  lower  fre¬ 
quency.  A  band  pass  of  about  200 
cycles  was  found  to  be  necessary 
because  variations  in  thickness  of 
genuine  coins  due  to  wear  required 
a  little  latitude  in  the  detection  ap¬ 
paratus. 

A  few  models  of  slug  rejectors 
using  this  principle  of  operation 
were  constructed  and  tested,  but 
development  work  on  this  project 
was  suspended  when  the  efforts  of 
industry  turned  from  peace  to  war 
production.  All  electronic  research 
and  development  facilities  of  the 
company  were  then  utilized  to  de¬ 
velop  instruments  for  inspection  of 
thje  thousands  of  parts  which  were 
produced  for  the  various  branches 
of  the  armed  services.  Supersonic 
experiments  were  conducted  on 
small  items  such  as  bullet  cores, 
projectiles,  steel  punches  and  small- 
caliber  cartridge  cases. 

There  are  three  methods  of  util¬ 
izing  supersonics  for  the  inspection 
of  materials: 

1.  Vibrating  the  article  being 
tested  and  checking  the  emitted 
tone  against  the  tone  of  a  standard 
specimen;  2.  Measuring  the  dura¬ 
tion  of  sound  given  off  by  an  article 
when  in  free  vibration;  3.  Passing 
a  supersonic  wave  through  the  piece 
to  be  tested  and  measuring  the  re¬ 
sulting  reflection  or  absorption  of 
the  waves. 

In  the  first  method,  standard 
specimens  are  set  into  vibration 


and  their  tones  measured  to  deter¬ 
mine  the  permissible  range  of  tone 
frequencies.  Each  piece  being  tested 
is  then  similarly  vibrated  and  its 
tone  measured.  Any  appreciable 
difference  in  tone  will  then  indicate 
the  presence  of  a  flaw.  This  method 
is  now  in  use  by  various  industries 
for  testing  files,  grinding-stones 
and  castings.  However,  these  tests 
are  made  by  the  human  ear  since 
these  items  are  of  such  dimensions 
that  the  frequency  of  vibration  is 
audible. 

Maataring  Vlbratioa  Fraq—aci— 

When  the  frequency  of  vibration 
extends  above  the  audible  range, 
which  is  generally  conceded  to  be 
above  20,000  cps,  an  instrument  for 
making  these  sounds  audible  is  re¬ 
quired.  This  instrument  is  called 
an  audio  heterodyne  amplifier.  The 
circuit  is  shown  in  Fig.  1,  and  con¬ 
sists  of  an  amplifier  in  which  is 
contained  a  local  oscillator  that 
beats  with  the  incoming  sound  fre¬ 
quency  to  produce  a  difference  fre¬ 
quency  in  the  audio  range.  This  is 
similar  to  the  superhetrodyne  prin¬ 
ciple  used  in  communications. 

A  satisfactory  microphone  for 
detection  of  supersonic  frequencies 
is  a  type  of  crystal  cell  manufac¬ 
tured  by  The  Brush  Development 
Laboratories.  This  cell  is  made 
from  rochelle  salt  crystals  cut  to 
resonate  at  definite  frequencies, 
somewhat  as  quartz  crystals  are 
manufactured.  Other  types  of  mi¬ 
crophones  can  also  be  used,  such  as 
a  ribbon  type  in  which  the  ribbon 
is  stretched  to  resonate  at  the  fre¬ 
quency  desired,  a  condenser  type  in 
which  the  diaphragm  is  stretched, 
and  a  dynamic  type  in  which  the 
cone  or  diaphragm  is  made  in  the 


tion  of  waves  measured.  This 
method  is  more  precise  that  the  two 
previously  mentioned  systems,  but 
is  more  involved  and  requires  a 
larger  amount  of  apparatus. 

The  object  being  tested  is  mounteci 
on  a  suitable  support,  and  a  quarts 
crystal  is  attached  to  one  end  of 
the  test  specimen,  as  shown  in  Fig. 

3.  This  crystal  is  connected  to  a 
high-frequency  oscillator  that  is 
pulse-modulated  by  a  low-frequency 
oscillator.  A  rochelle  salt  crystal 
for  picking  up  the  pulses  is  also  at¬ 
tached  to  the  specimen.  This  crys¬ 
tal  is  connected  through  an  ampli¬ 
fier  and  rectifier  to  a  cathode-ray 
oscilloscope  for  visual  observation 
of  the  reflected  waves  traveling 
along  the  test  specimen. 

The  test  is  conducted  first  on  sev¬ 
eral  standard  specimens,  and  the 
reflected  waves  are  noted  on  the 
oscilloscope  screen.  The  pattern  is 
a  series  of  reflected  pulses  which 
occur  at  frequent  regular  intervals 
when  the.  specimen  is  flawless.  If 
a  flaw  exists,  there  will  be  in  the 
pattern  an  extra  pulse  which  is  not 
obtained  with  a  good  specimen ;  this 
is  indicated  by  the  dash-dash  curve 
in  the  pulse  pattern  in  Fig.  3.  If 
the  specimen  is  a  uniform  bar,  the 
distance  between  pulses  in  the  train 
of  reflected  waves  can  be  calculated. 
On  specimens  of  non-uniform  struc¬ 
ture  the  reflected  waves  are  com¬ 
pared  with  those  of  a  standard 
specimen. 

A  variation  of  this  method  is  as 
follows:  A  quartz  crystal  which  is 
connected  to  a  supersonic-frequency 
oscillator,  is  submerged  in  a  pool 
of  oil  as  in  Fig.  4.  The  crystal  will 
send  sound  waves  vertically  up¬ 
ward  in  a  beam.  At  the  point  where 
the  beam  hits  the  surface  of  the  oil, 
a  light  ray  is  focused  and  is  re¬ 
flected  onto  a  screen.  The  piece  be¬ 
ing  tested  is  immersed  in  the  oil 
and  placed  in  the  sound  beam,  and 
the  variations  in  the  intensity  of 
the  reflected  light  on  the  screen 
are  used  as  an  indication  of  the 
quality  of  the  specimen  being 
tested.  This  method  was  used  ex¬ 
perimentally  by  Sokoloff  of  U.S.S.R. 
in  1934,  and  more  recently  has  been 
used  to  inspect  tires  immersed  in 
a  tank  of  water.  Any  change  in  the 
supersonic 


that  a  band  width  of  100  cps  peaked 
at  19,500  cps  is  required.  The  coil 
used  in  the  amplifier  preceding  the 
harmonic  generator  would  be  peaked 
at  19,500  cps  and  have  a  Q  of  about 
8.  Since  the  input  voltage  to  this 
amplifier  is  limited,  the  output  to 
the  harmonic  generator  will  be  a 
function  of  frequency.  The  bias  sup¬ 
ply  on  the  harmonic  generator  is 
set  so  that  only  those  frequencies 
which  are  about  200  cycles  away  on 
each  side  of  the  peak  voltage  will 
exceed  it.  Thus,  harmonics  are  gen¬ 
erated  of  these  frequencies  only 
since  any  other  frequency  will 
not  have  sufficient  level  to  over¬ 
come  this  bias.  The  9th  harmonic 
of  19,500  cps  is  175.5  kc,  which  is 
in  the  tuning  range  of  standard  i-f 
transformers.  These  transformers 
may  be  of  the  variable  coupling 
t3rpe,  and  so  provide  a  means  for 
obtaining  further  band-passing. 

By  using  this  type  of  selective 
circuit  it  is  possible  to  produce  in¬ 
struments  which  can  be  adjusted  to 
any  frequency  by  merely  changing 
the  microphone  and  the  tuned  <oil 
used  in  the  amplifier  stage  preced¬ 
ing  the  harmonic  generator.  The  i-f 
stage  can  remain  the  same,  selec¬ 
ting  different  multiples  of  the  fun¬ 
damental  frequencies  so  as  to  be 
within  the  tuning  range  of  the 
175-kc  coils. 

Measuring  Dnration  of  Seand 

The  second  method  of  flaw  detec¬ 
tion  by  supersonics  involves  meas¬ 
uring  the  duration  of  sound  given 
off  by  an  article  when  in  free  vi¬ 
bration.  This  system  is  now  being 
used  in  its  elementary  form  for 
testing  glasses  and  goblets.  It  is 
also  used  for  testing  the  bondage 
between  two  pieces  of  metals,  as  in 
steel-backed  bronze  bearings.  In 
these  applications  the  testing  is  all 
done  by  the  ear,  and  the  article  is 
struck  or  dropped  to  produce  vibra¬ 
tions. 

When  an  object  is  set  into  free 
vibration,  the  amplitudes  of  these 
vibrations  decrease  exponentially. 
This  is  due  to  internal  friction  of 
the  object  and  is  known  as  the 
damping  property  of  vibration. 

A  method  of  determining  the 
specific  damping  capacity  is  by 
measuring  the  logarithmic  decre¬ 
ment  of  vibration.  This  can  be  ob¬ 
tained  by  vibrating  the  object  first 
at  its  natural  frequency,  then  at 
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FIG.  3 — Flaw  detection  by  obserration  of 
reflected  supersonic  wares 


frequencies  on  each  side  of  the  peak 
frequency,  and  noting  the  ampli¬ 
tudes.  The  analysis  is  somewhat 
like  the  Q  measurements  taken  on 
coils.  The  logarithmic  decrement 
«  is  based  upon  the  resonance  curve 
formula  e  =  »  (/,  —  /*)//«,  where  /. 
is  the  frequency  at  resonance  and 
and  /t  are  frequencies,  on  either 
side  of  resonance  at  which  the  am¬ 
plitude  of  vibration  is  I/.V2  times 
the  amplitude  of  vibration  at  reso¬ 
nance. 

The  apparatus  required  for  this 
type  of  test  includes  an  audio  oscil¬ 
lator,  a  vibrator,  an  oscilloscope  and 
a  vacuum-tube  voltmeter.  The 
standard  specimens  are  first  tested 
and  the  decrement  noted.  Any  ob¬ 
ject  producing  a  different  value  of 
decrement  is  rejected. 

Maasaring  Absorption  of  Snporsonie 
Wavos 

The  third  method  used  in  super¬ 
sonic  testing  is  that  in  which  the 
supersonic  wave  is  actually  passed 
through  the  piece  to  be  tested  and 
the  resultant  reflection  or  absorp- 


FIG.  4 — Flaw  detection  by  immersing 
specimen  in  oil  and  sending  a  super¬ 
sonic  beam  through  it.  Amoxmt  oi  light 
reflected  from  surface  of  oil  is  propor¬ 
tional  to  amount  of  supersonic  energy 
passed  by  piece  to  be  tested 


transmissibility 
waves  through  the  tire  as  it  is 
slowly  revolved  in  the  tank  will  in¬ 
dicate  the  presence  of  flaws. 
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ELECTRONICS  at  SEA 


Official  U.  S.  Navy  photographs 
of  communications  and  other 
equipment  in  operation  aboard 
a  new  light  cruiser  during  its 
shake-down  cruise 


Ranqe  inlonnatlon  for  cmttKJircrait  guns  is  tronsmittsd  by  inter-ship 
phone  from  control  stations.  The  pointer,  seated  on  gun  mount  at 
left,  adjusts  for  elerotion  while  the  troiner.  seated  at  for  right,  main- 
tabu  horisontol  position  on  the  target 

Left:  The  norigotor  takes  depth  readings  from  on  electronic  fathometer 


Men  in  the  communications  center  maintain  contact  with  other  ships  of  the  fleet  and  hoses  by  radio 
and  handle  the  inter-ship  phone  system.  During  the  shake-down  cruise,  the  crew  learned  how  to 

operate  equipment  under  combat  conditons 
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Jap  Radio  Equipment 

A  detailed  description  of  the  Model  13  command  set,  a  7  to  11-Mc  transmitter-receiver 
employing  cw,  mew  and  voice  modulation  and  used  on  scout-bombers  and  reconnaisance 
planes.  German- Japanese  equipment  comparisons  are  also  made 


Rw  D  A  CRRnnN  ChUJ  o/  Aircrajt  Section,  liaval  Retearch  Laboratory 
BJ  ft.  awnuwn  Anacoetia  Station,  Wathinffton,  D.  C. 


From  the  design,  construction 
and  use  of  component  parts 
employed  in  captured  equipment 
described  here  and  in  previous  ar¬ 
ticles'-  *  it  may  be  deduced  that  the 
pre-war  thought  and  preparation 
of  our  two  enemies  was  based  on 
different  ideas  entirely. 

In  German  equipment  we  see 
clear  evidence  of  years  of  engineer¬ 
ing  planning  with  particular  em¬ 
phasis  upon  mass  production, 
including  standardization  of  parts. 
Intensive  use  of  non-strategic  ma¬ 
terials  to  replace  or  reduce  the  use 
of  strategic  materials,  all  assem¬ 
bled  to  operate  under  climatic  con¬ 
ditions  found  in  North  Atlantic 
atmosphere,  indicates  that  most 
Nazi  equipment  was  designed  for 
operation  under  conditions  encoun¬ 
tered  in  a  temperate  zone.  Use  of 
medium-power  transmitters,  short- 
range  direction-finders  and  other 
similar  gear  further  indicates  that 
it  was  to  be  used  primarily  in  the 
battle  of  Britain. 

In  Japanese  equipment  we  find  a 
different  thought  uppermost.  We 
find  little  evidence  of  careful  engi¬ 
neering  or  planned  production.  In¬ 
stead,  there  was  obviously  frantic 
purchasing  of  all  kinds  of  compo¬ 
nent  parts  and  materials,  mainly 
from  this  country,  during  the 
period  from  1925  to  1940.  This 
would  lead  one  to  believe  that  the 
Japs  purchased  outside  their  own 
country  all  possible  gear,  thus  de¬ 
liberately  saving  their  own  metal 
stores  particularly  for  other  war 
purposes.  Possibly  the  thought  was 
that  by  the  time  amateurishly-as¬ 
sembled  equipment  was  used  up  or 
lost  Nippon  would  have  access  to 
other  mineral  sources. 


The  outstanding  circuit  differ¬ 
ence  between  German  and  Japanese 
equipment  appears  to  be  the  Ger-. 
man  omission  of  crystal  control, 
which  was  probably  not  considered 
necessary  except  in  master-control 
stations  due  to  the  short  intended 
range  of  operation,  and  the  exten¬ 
sive  Japanese  use  of  crystal  con¬ 
trol  to  keep  equipment  exactly  on 
frequency,  apparently  because  of 
the  great  distances  they  expected 
to  cover. 

JapoMM  Higk-FraqMMcy  Ceminaad 
Sat 

The  Japanese  Model  13  is  a  com¬ 
mand  set  used  in  scout  bombers  and 
reconnaisance  planes.  CW,  mew, 
and  voice  operation  is  provided. 

The  complete  equipment  consists 
of  the  three  basic  units:  transmit¬ 
ter-receiver,  a  high-voltage  dyna- 
motor,  and  a  low-voltage  dyna- 
motor  (or  vibrator-type  supply). 

The  transmitter  consists  of  a 
crystal-controlled  oscillator-doubler 
combination  providing  two  pre¬ 
tuned  channels  in  the  band  between 
7.6  and  10.6  Me  at  a  maximum 
power  output  of  26  watts  cw  and  9 
watts  telephone. 

The  receiver  is  a  superhetero¬ 
dyne  covering  a  frequency  range  of 
7.6  to  10.8  Me,  having  a  variable- 
frequency  oscillator  and  also  two 
crystal-controlled  frequencies. 

One  dynamotor  supplies  1000-v 
d.c.  from  a  100-v  d.c.  source.  The 
other  dynamotor  supplies  ■250-v 
from  a  12-v  d.c.  source.  All  heat¬ 
ers,  filaments,  and  relays  operate 
from  the  12  volt  d.c.  input  voltage. 

Macbaaieal  Datoilt 

The  transmitter-receiver  is  com¬ 
posed  of  two  separate  units.  The 


components  are  mounted  on  metal 
shelves  mounted  in  two  small  racks 
made  of  aluminum  and  brass  angle 
stock.  These  racks  are  clamped 
together  to  form  the  receiver-trans¬ 
mitter  unit. 

Inter-unit  shields  and  outside 
covers  are  made  of  sheet  aluminum. 
Tuning  capacitor  plates  and  other 
metal  parts  are  made  of  nickel- 
plated  brass  with  Bakelite  or  hard- 
rubber  insulation.  Toggle  switches 
appear  to  be  of  American  manufac¬ 
ture.  Band  and  selector  switches 
are  Bakelite  or  hard-rubber  insu¬ 
lated.  Outside  covers  are  finished 
in  olive-drab  crackle-finish  and  in¬ 
side  metal  parts  are  finished  in 
olive-drab  enamel. 

Tube  shields  are  made  of  thin 
aluminum,  are  screwed  onto  tube 
sockets,  and  are  equipped  with  top 
covers  having  press-formed  han¬ 
dles  to  facilitate  removal. 

Dials  are  of  nickeled  brass  with 
planetary  reduction  drives  (simi¬ 
lar  to  obsolete  American  units). 
Bakelite  bar  knobs  are  used  on  both 
transmitter  and  receiver.  Receiver 
output  terminals  are  intended  to 
receive  banana-type  plugs.  The 
telegraph  key  socket  receives  a 
slit-prong  plug,  whereas  the  micro¬ 
phone  and  telephone  changeover 
switch  input  plug  probably  had 
solid  prongs,  as  spring-pressure 
contact  points  are  provided  in  the 
receptacle. 

Power  cables  are  provided  with 
split-contact  female  plugs  on  the 
transmitter-receiver  end  and  solid- 
prong  male  plugs  on  the  supply  end, 
split-contact  receptacles  being  used. 
Tube  sockets  in  the  receiver  are 
made  of  a  yellow-brown  plastic. 
The  transmitter  tube  sockets  are  of 
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white  ceramic  and  are  standard 
American  types. 

Resistors  and  other  small  parts 
mounted  very  close  to  the  bottom 
of  the  transmitter  racks  are  insu¬ 
lated  from  the  bottom  by  means  of 
thin  sheets  of  mica  glued  to  the 
bottom  cover. 

Fuses  are  accessible  through  re¬ 
movable  snap-fastened  cover  plates 
mounted  on  the  front  panel.  Other 
parts  are  not  readily  accessible  for 
servicing  even  after  screws  and 
cover  plates  are  removed.  Fre- 


The  following  tubes  are  used 


quency-change  switch,  one  four- 
position  control  switch  {Left 
Break-In,  Up  Off,  Right  Stand-By, 
Doum  Transmitter  Oscillator  On, 
With  Low  Voltage),  one  send-re-’ 
ceive  switch,  and  one  switch  for 
shorting  the  key  terminals. 

The  transmitter  consists  of  a  re¬ 
generative  high-power  pentode 
crystal  oscillator,  capacitance- 
coupled  to  two  power  pentodes 
operated  in  parallel  as  frequency 
doublers.  For  cw  operation  break- 
in  may  be  obtained  by  means  of  re¬ 
lays  cutting  the  screen-grid  supply 
for  both  oscillator  and  amplifier 
stages,  or  the  oscillator  may  be 
switched  on  by  means  of  the  send- 
receive  switch  and  the  amplifier 
keyed  by  means  of  a  relay  controll¬ 
ing  its  screen  supply  only. 

For  telephone  operation  the  tele¬ 
phone  change-over  relay  is  ener¬ 
gized  by  means  of  a  switch  on  the 
The  transmitter  unit  has  the  fol-  microphone  which  also  operates  the 
lowing  operating  controls :  Two  break-in  relays.  Suppressor-grid 
antenna  variometers,  two  two-gang  modulation  is  obtained  by  means  of 
oscillator  and  amplifier  tuning  ca-  a  microphone  transformer  in  the 
pacitors,  one  two-position  fre-  suppressor-grid  return  lead  of  the 


Com- 

Jap.  parable 

Type  Function  American 

UZ606  R-F  Amp.  (Receiver)  606 

tJt6L7G  Mixer  (Receiver)  6L7G 

Uy76  Hish-Frcquency  Otcillalor 

(Receiver)  76 

UZ606  l-F  Amp.  (Receiver)  606 

Ut6B7  Oetector  —  AVC  —  Audio 

Amplifier  (Receiver)  667 

Uy76  Beat-Frequency  OKillator 

(Receiver)  76 

UZ41  Audio  Power  Amplifier  (Receiver)  41 

Uy76  Side-Tone  A-F  C^illator 

(Receiver-Trantmitter)  76 

UZSIO  Pentode  Gyetal  Oiciltalor  (Trant- 

mMer)  RKSO 

UZSICXS)  Pentode  Power  Ooubler-Amp. 

(Transmitter)  RK90 
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lator.  Gain  is  controlled  by  a  po¬ 
tentiometer  varying  cathode  bias 
on  the  r-f,  i-f  and  mixer  tubes. 
High-impedance  output  is  provided, 
headphones  being  coupled  by  means 
of  a  capacitor  and  choke  coil  di¬ 
rectly  to  the  plate  of  the  pentode 
a-f  output  tube. 

Sidetone  for  monitoring  is  pro¬ 
vided  on  both  telephone  and  cw. 
For  cw  an  audio  oscillator  using  a 
triode  tube  receives  its  plate  volt¬ 
age  from  the  positive  side  of  the 
12-v  battery  through  the  keying 
relay.  The.  output  of  this  audio 
oscillator  is  connected  through  an 
r-f  choke  to  a  neon  lamp  and 
through  the  neon  lamp,  a  resist¬ 
ance,  another  r-f  choke  and  a  capa¬ 
citor  to  the  input  of  the  final  audio 
stage  of  the  receiver.  The  output 
of  the  microphone  transformer  is 
also  coupled  through  a  high  resist¬ 
ance  to  the  input  side  of  the  same 
neon  lamp.  The  neon  tube  itself  is 
capacitivly  coupled  across  the  an¬ 
tenna  circuit,  so  that  when  the  r-f 
voltage  present  in  this  circuit  be¬ 
comes  high  enough  the  lamp  ionizes 
and  allows  the  sidetone  to  pass 
through  it  and  be  heard  in  the  re¬ 
ceiver  headphones.  The  net  effect 
of  this  arrangement  is  to  provide 
positive  assurance  that  at  all  times 
when  the  sidetone  can  be  head  r-f 
voltage  is  present  across  the  an¬ 
tenna  circuit. 
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amplifier  tubes.  The  amplifier  grid 
and  suppressor  grid  bias  voltages 
are  increased  and  the  microphone 
input  circuit  completed  by  the 
phone  change-over  relay. 

The  antenna  is  energized  by 
means  of  a  two-turn  coil  induct¬ 
ively  coupled  to  the  amplifier  tank 
coil  and  is  tuned  by  means  of  the 
antenna  variometers  and  an  ex¬ 
ternal  fixed  air  capacitor  in  series 
with  the  ground-return  circuit.  A 
thermocouple  r-f  ammeter  is  con¬ 
nected  in  series  with  the  antenna 
lead.  Neon  indicator  lamps  are 
capacitively  coupled  to  the  oscillator 
tank  tuning  circuits  to  provide  in¬ 
dication  of  oscillation  and  of  the 
channel  in  use. 

A  neon  lamp  is  connected  across 
the  microphone  transformer  to  pre¬ 
vent  development  of  high  peak  volt¬ 
ages.  A  neon  lamp  is  also  used 
across  the  high-voltage  fuse  to  in¬ 
dicate  burnout. 

Channel  switching  is  accom¬ 
plished  by  means  of  a  front  panel 
two-position  switch  which  selects 
the  proper  crystal  and  the  proper 
antenna  variometer,  and  also  se¬ 
lects  the  proper  two-gang  variable 
capacitor  tuning  the  oscillator  and 
amplifier  plate  tank  circuits,  the 
same  coils  being  used  for  each 
channel. 


mixer  circuits ;  a  three-position 
selector  switch  allowing  selection 
of  either  of  two  crystal  frequencies 
or  the  variable-frequency  oscilla¬ 
tor;  a  beat-frequency  oscillator 
vernier  tuning  capacitor;  a  switch 
for  shorting  the  avc  and  placing 
the  beat-frequency  oscillator  in 
operation ;  a  switch  opening  the  ca¬ 
thode  circuit  of  the  r-f  amplifier 
and  thereby  rendering  the  receiver 
very  insensitive. 

The  frequency-change  switch 
operates  on  the  oscillator  circuit 
alone  and  connects  either  the  oscil¬ 
lator  coil  or  either  of  two  crystals. 
It  is  necessary  to  resonate  the  r-f 
and  mixer  circuits  by  means  of  the 
main  tuning  dial  for  each  crystal 
frequency. 

The  receiver  consists  of  a  vari¬ 
able-mu  pentode  r-f  amplifier,  a 
pentagrid  mixer  and  a  triode 
tuned-plate  oscillator  which  is  used 
as  an  untuned  (Pierce)  oscillator 
for  crystal  frequencies.  The  mixer 
is  followed  by  one  stage  of  vari¬ 
able-mu  pentode  i-f  amplification 
operating  at  628  kc.  A  diode  sec¬ 
ond  detector  and  diode  automatic 
volume  control  are  used,  followed 
by  a  pentode  voltage-amplifier 
stage,  a  double-diode-pentode  tube 
being  used  for  these  stages. 

A  triode  is  used  as  a  beat-fre¬ 
quency  oscillator,  coupled  to  the 
i-f  amplifier  plate.  The  audio-out- 
The  receiver  is  provided  with  the  put  stage  uses  a  power  pentode, 

following  controls :  Main  tuning  Also  located  on  the  receiver  chassis 

dial  controlling  the  variable-fre-  is  a  triode  audio-frequency  oscilla- 
quency  oscillator,  r-f  amplifier  and  tor  for  use  as  a  cw  sidetone  oscil- 
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efficiency  would  mean  a  drain  of 
3.4  amperes.  Both  units  were  re¬ 
ceived  in  an  inoperative  condition, 
and  no  operating  data  is  available 
at  this  time. 

The  circuit  diagram  supplied 
with  the  equipment  shows  a  vibra¬ 
tor-type  supply  in  use  in  place  of 
the  250-v  dynamotor  which  was  re¬ 
ceived  with  the  equipment. 

The  estimated  total  weight  of  the 
complete  Model  13  command  set 
equipment  ready  for  operation  is 

82.5  lb  including  an  allowance  of 

1.5  lb  for  headphones  and  2  lb  for 
microphone,  cable,  plugs  and  con¬ 
trol  switches  necessary  for  opera¬ 
tion. 

Four  crystals  were  supplied  with 
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the  equipment.  The  receiver  as  re¬ 
ceived  was  equipped  with  two  crys¬ 
tals  designated  8590  kc  (G/2)  and 
7636  kc  (1/2).  The  transmitter 
was  supplied  with  two  crystals  de¬ 
signated  8905  kc  (1/2)  and  8590 
kc  (1/2).  Only  the  8690  kc  (C/2 
was  labeled  with  the  Japanese  sym¬ 
bol  for  “receiver.”  Only  the  8906 
kc  (1/2)  crystal  could  be  made  to 
oscillate  and  its  fundamental  fre¬ 
quency  was  found  to  be  4452.5  kc. 
Examination  of  other  crystals 
showed  that  their  fundamental  fre¬ 
quencies  were  one-half  those  indi¬ 
cated  on  their  plates,  making  it  evi¬ 
dent  that  the  designation  (1/2) 
indicates  doubler  service. 

Test  RmmIH 

All  transmitter  measurements 
were  made  with  a  dummy  antenna 
load  of  10.35  ohms  and  150  /x/nfd. 
All  receiver  measurements  were 
made  using  a  20,000-ohm  output 
load.  These  load  values  yielded 
maximum  output.  Receiver  sensi¬ 
tivity  measurements  were  made  on 
the  basis  of  microvolts  input  re¬ 
quired  to  give  selected  standard 
output  using  an  r-f  input  signal, 
modulated  30  percent  at  400  cps. 

R«c*iv*r  P*rformaae« 

An  average  receiver  sensitivity 
of  13  microvolts  at  10  milliwatts 
output  was  obtained.  Selectivity  is 
as  follows:  The  overall  bandwidth 
at  6  db  down  is  19  kc  and  at  40  db 
down  it  is  121  kc,  at  a  frequency  of 
8905  kc. 

The  receiver  has  a  poor  avc  char¬ 
acteristic,  the  avc  serving  mainly 
as  a  means  of  preventing  blocking 
at  very  high  levels.  With  no  avc, 
maximum  output  is  2.7  watts,  ob¬ 
tained  at  1000  microvolts;  input 
blocking  sets  in  rapidly  after  this 
level  is  exceeded.  With  avc  on, 
action  starts  at  about  400  micro¬ 
volts  and  the  output  levels  off,  2.7 
watts  being  obtained  at  0.1  volt 
input. 

Frequency  stabilization  was 
found  to  be  poor.  Taking  -1-20  deg 
C  as  a  zero  point,  the  deviation  at 
-30  deg  C  was  -f  67  kc,  or  0.7  per¬ 
cent.  At  -f50  deg  it  was  —40  kc, 
or  0.42  percent.  The  average  over 
the  whole  range  shows  a  variation 
of  1.2  kc  per  degree  of  temperature 
change. 

Sensitivity  was  10  microvolts  at 
+20  deg  C  and  remained  fairly 
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uniform  until  a  temperature  of 
—  10  deg  C  was  reached.  At  a  few 
degrees  beyond  this  point  the  sen- 
sivity  fell  off  very  rapidly,  reaching 
300  microvolts  for  50  milliwatts  at 
—20  deg  C  and  —30  deg  C.  The 
freezing  of  the  electrolyte  in  the 
electrolytic  capacitors  largely  ac¬ 
counts  for  this  sudden  variation  at 
low  temperatures. 

The  variation  of  receiver  fre¬ 
quency  with  variation  of  humidity 
from  25  percent  to  97  percent  at  a 
constant  temperature  of  40  deg  C 
was  —27  kc,  or  0.28  percent  at 
9466.7  kc,  whereas  sensitivity  de¬ 
creased  from '13  to  20  microvolts 
for  50  milliwatt  output. 

The  image-rejection  ratio  varies 
from  22  db  at  7.6  Me  to  35  db  at 
8.86  Me.  These  values  for  image 
rejection  compare  unfavorably  with 
those  for  similar  equipment  of  mod¬ 
ern  design,  which  are  usually  60  db 
or  greater.  The  i-f  rejection  ratio 
indicates  an  attenuation  of  49  db 
at  7.6  Me  and  67  db  at  10.8  Me. 
These  values'  compare  unfavorably 
with  those  of  similar  equipment  of 
modem  design,  which  are  usually 
80  db  or  greater. 

The  audio  system  is  sharply 
peaked  at  1000  cps,  being  —17  db 
at  400  cps  and  —23  db  at  4000  cps. 
The  narrow  pass-band  results  in 
some  improvement  in  signal-to- 
noise  ratio  for  cw  reception  but 
hurts  speech  intelligibility. 

Transmitter  Performance 

Transmitter  power  output  re¬ 


mained  substantially  constant  when 
humidity  was  varied  from  30  per¬ 
cent  to  97  percent,  whereas  the  fre¬ 
quency  varied  100  cps.  On  the  first 
high-humidity  test  a  small  mica 
bypass  capacitor  arced  from  its 
high-voltage  terminal  to  a  grounded 
mounting-screw.  Considering  the 
1000-v  plate  supply  across  the  small 
spacing  allowed,  this  is  probably  a 
not  unusual  occurrence  when  oper¬ 
ating  at  high  temperature  and 
humidity.  ‘ 

The  microphone  transformer  in¬ 
put  voltages  (Microphone  output) 
required  for  various  modulation 
percentages  show  that  with  1  volt 
at  1500  cps  33  percent  modulation 
was  obtained,  2.7  volts  being  re¬ 
quired  for  100  percent  modulation. 
With  a  standard  single-button  mi¬ 
crophone,  35  percent  modulation 
was  possible  with  loud  speech  input. 

Since  the  audio  system  consists 
merely  of  the  microphone  input 
transformer  and  voltage  supply,  the 
fidelity  characteristic  was  plotted 
on  the  basis  of  percent  modulation 
at  each  audio  frequency.  The  re¬ 
sponse  is  substantially  fiat  from 
400  to  4000  cps,  with  rising  high- 
frequency  response  to  cutoff  at  8000 
cps.  This  range  is  adequate  to  pro¬ 
vide  satisfactory  speech  quality. 

The  audio  distortion  character¬ 
istic  of  the  transmitter  was  found 
to  be  adequate.  At  70  percent  modu¬ 
lation  at  1000  cps,  the  total  har¬ 
monic  distortion  was  7.3  percent. 
At  400  cps  and  50  percent  modula- 
(Continued  on  page  339) 
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FIG.  2 — Carr*  allowing  tho  roduction  of  cnrront  in  a  rosonont 
circuit  duo  to  tho  additional  rosistonco  of  a  low-Q  capacitor 


Mica,  because  of  its  many  in¬ 
trinsic  qualities,  including 
low  power  factor  and  stability  un¬ 
der  a  wide  range  of  temperature,  is 
a  desirable  dielectric  for  capacitors 
used  in  communications  equipment 
and  other  types  of  electronic  cir¬ 
cuits.  That  the  mica  capacitor  is 
important  is  indicated  by  noting 
the  national  production  figures  for 
1943,  which  reached  a  rate  of  about 
500,000  capacitors  per  day. 

Although  mica  capacitors  are 
widely  used,  and  are  essential  to 
some  circuit  applications,  it  is  of 
interest  to  note  that  they  have  been 
used  extensively  in  places  where 
other  types  of  capacitors  would 
serve  equally  well.  In  view  of  the 
demand  for  mica,  it  is  necessary 
that  we  be  economical  in  the  con¬ 
sumption  of  our  supply.  This  sug¬ 
gests  a  careful  review  of  mica  ca¬ 
pacitor  usage  with  a  view  toward 
applying  alternative  types  of  capac¬ 
itors  as  far  as  possible  without  del¬ 
eterious  effect  on  the  operation  of 
electronic  equipment. 

Conservation  of  mica,  by  using 
other  capacitors  where  they  pro¬ 
vide  adequate  electrical  qualities, 
will  assure  that  the  supply  of  stra¬ 
tegic  mica  will  be  ample  for  all  the 
necessary  applications.  Therefore, 


let  us  analyze  the  qualities  of  ca¬ 
pacitors  necessary  for  some  of  the 
more  common  applications  in  elec¬ 
tronic  equipment 

Daiign  CoRsidarafioat 

Fixed  capacitors  are  made  of  two 
conducting  surfaces  separated  by 
an  insulating  medium,  the  dielec¬ 
tric.  The  properties  pf  the  capaci¬ 
tor  are  determined,  to  a  large  ex¬ 
tent,  by  the  kind  of  dielectric  used. 
Included  in  the  family  of  dielectrics 
are  mica,  paper,  air,  glass,  ceramics, 
as  well  as  some  recent  developments 
in  other  dielectric  materials. 

Electrical  losses  in  capacitors  are 
due  to  a  number  of  factors,  one  of 
which  is  energy  dissipation  in  the 
dielectric.  These  losses  may  be  con¬ 
sidered  as  an  equivalent  series  re¬ 
sistance  or  effective  shunt  resis¬ 
tance.  The  value  of  this  resistance 
will,  of  course,  determine  the  power 
factor  of  the  capacitor.  The  power 
factor  may  be  expressed  approxi¬ 
mately  as  i?,a)C,  where  R,  is  the  ef¬ 
fective  series  resistance  in  ohms,  C 
the  capacitance  in  farads  and  <a  is 
2nf. 

The  power  factor  is  one  consid¬ 
eration  in  selecting  the  capacitor 

*  Member,  U.  S.  M/co  Minion,  W.P.B., 
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required  for  a  given  circuit  appli¬ 
cation.  Often,  in  circuit  design 
work  we  use  the  expression  “Q” 
to  describe  capacitor  properties. 
For  the  higher  Q  values  this  is  the 
inverse  of  the  power  factor;  thus  a 
mica  capacitor  having  a  power  fac¬ 
tor  of  0.0005  may  be  described  as 
having  a  Q  of  2,000. 

Another  consideration  is  the  sta¬ 
bility  of  capacitance  over  the  oper¬ 
ating  temperature  range.  This  is 
particularly  important  in  certain 
circuit  positions  of  electronic  equip¬ 
ment  for  military  use,  because  of 
the  very  wide  temperature  ranges 
encountered.  Temperatures  as  low 
as  —55  deg  C  are  commonly  en¬ 
countered  in  aircraft  at  high  alti¬ 
tudes.  Temperatures  as  high  as 
-f-120  deg  C  are  not  unusual  in  or 
near  dynamotors  in  aircraft  or  on 
ground  equipment.  The  stability  in 
this  respect  is  usually  expressed 
as  the  temperature  coefficient  of  ca¬ 
pacitance.  Mica  capacitors  of  the 
best  construction  have  a  temper¬ 
ature  coefficient  of  less  than  60 
parts  per  million  per  deg  C  over 
wide  operating  temperatures. 


FIG.  1 — Fixed-tuned  resonant  circuits 
generally  require  capacitors  horinq 
high  Q 
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FIG.  3 — When  used  for  by-pcasing.  a 
capacitor  may  hare  a  low  Q  without 
moterially  oiiecting  the  by-pass  acttoa 


C  the  capacitance  in  farads. 

Unfortunately,  we  do  not  have 
inductance  without  some  effective 
resistance.  Likewise  the  capaci¬ 
tance  also  has  effective  resistance, 
due  largely  to  losses  in  the  dielec¬ 
tric,  as  previously  mentioned. 

The  current  flowing  in  the  circuit 
illustrated  in  Fig.  2  is 


Typical  mica  capacitors  and  Ihoir  unit  assomblios  or*  shown  at  A,  B.  C  and 
D  (loft).  AltemotiTO  typos  that  oro  mochonically  intorchongooblo  ore  (right): 
E.  gloss  capacitor;  F,  moldod  Loctroiilm  copacitor;  G  and  H.  molded  papor 

capacitor 


A  companion  factor  is  the  “re-  have  outstanding  performance  in 
trace”  characteristic,  that  is,  the  life  over  the  entire  temperature 
degree  to  which  the  capacitance  will  range  mentioned.* 
return  to  its  initial  value  at  a  given 
temperature  after  going  through 
the  variations  which  the  capacitor 
experiences  in  use.  In  this  respect, 
also,  mica  capacitors  are  attractive 
because  they  will  retrace  to  within 
0.1  percent  when  carefully  con¬ 
structed. 

Last,  but  by  no  means  least,  the 
capacitor  should  be  capable  of  with¬ 
standing  its  impressed  voltage  at 
any  or  all  operating  temperatures 
without  failure  during  the  useful 
life  of  the  electronic  equipment. 

Mica  capacitors  of  proper  design 


From  the  equation  it  may  be  seen 
that  at  the  resonant  point,  when 


u>L  equals  ^ ,  the  current  is  large 
if  R,  is  small.  However,  the  current 
is  a  lower  value  when  the  effective 
resistance  is  larger.  It  is  evident, 
therefore,  that  high-Q  capacitors, 
which  have  a  negligible  effective  re¬ 
sistance,  provide  good  selectivity 
while  low-Q  capacitors  produce  a 
broadly  tuned  circuit.  In  such  se¬ 
lective  circuits  mica  or  air  capaci¬ 
tors  are  of  great  value  and  are 
necessary  to  the  best  performance 
of  the  tuned  network.  Unless  a  con¬ 
tinuous  adjustment  of  capacitance 


Applicatioas  for  High-Q  Capoeitort 

High-Q  capacitors  are  used  in  se¬ 
lective  circuits  designed  to  resonate 
at  one  frequency  and  discriminate 
against  all  others,  as  in  the  tuning 
networks  of  radio  receivers.  Such 
parallel  or  series  resonant  circuits 
are  represented  in  Fig.  1.  The 
tuned  circuits  illustrated  contain  a 
fixed  inductance  and  a  fixed  capaci¬ 
tance.  The  resonant  frequency  is 


represented  as  /,  =  2t  ^lC’ 

L  is  the  inductance  in  henries  and 
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is  required,  the  mica  capacitor  is 
preferred  because  of  its  small  size. 

In  most  cases  the  tuned  networks 
are  fixed  at  some  particular  fre¬ 
quency  by  factory  adjustment  and 
no  provision  is  made  for  adjust¬ 
ment  in  service.  Here  it  is  obvi¬ 
ously  desirable  that  the  circuit  re¬ 
main  tuned  at  all  temperatures  en¬ 
countered  and  at  all  times  through¬ 
out  the  normal  life  of  the  electronic 
equipment.  The  fact  that  well  con¬ 
structed  mica  capacitors  fulfill  these 
requirements  provides  a  strong  ar¬ 
gument  for  their  use  in  tuned 
circuits. 

High-Q  capacitors  are  also  re¬ 
quired  for  a  number  of  transmitter 
applications  in  order  to  minimize 
power  dissipation.  A  primary  con¬ 
sideration  here  is  the  ability  of  the 
capacitor  to  carry  radio-frequency 
current.  These  applications  require 
high  quality  mica  capacitors.  It  is 
for  such  usage  that  we  must  assure 
ourselves  of  an  adequate  supply  of 
mica. 


coupling  capacitor  C,  need  not  have 
a  high-Q  value.  Here,  the  effective 
resistance  of  the  capacitor  is 
masked  by  the  resistance  of  the 
coupling  network. 

In  the  audio  amplifier  of  Fig.  4, 
capacitor  C,  across  the  audio-trans¬ 
former  primary  serves  to  peak  the 
frequency  characteristic.  In  this 
circuit  the  effective  resistance  of 
the  transformer  winding  completely 
masks  the  capacitor  resistance,  even 
when  its  Q  is  only  100.  It  is  pos¬ 
sible  to  replace  mica  capacitors  for 
this  application  by  employing  alter¬ 
native  types  which  use  other  dielec¬ 
tric  materials. 

Several  capacitors  used  in  the 
radio-frequency  circuit  of  Fig.  5 
may  be  low-Q  types.  The  coupling 
capacitor  C,  and  the  filter  capaci¬ 
tors  Cr  have  been  replaced  by  paper 
t3T)es  in  equipments  now  being 
manufactured.  Similarly  the  fila¬ 
ment  bridging  capacitors  C,  are 
connected  across  the  resistance  of 
the  tube  filament  and  the  dielectric 
loss  is  a  relatively  unimportant  con¬ 
sideration  of  the  design. 

In  detector  circuite,  a  commonly 
used  device  consists  of  a  capacitor 
Cm  bridged  by  a  grid-leak  resistor 
connected  in  the  grid  circuit  of  the 
detector  tube  as  illustrated  in  Fig. 
6.  The  capacitor  serves  to  produce 
an  audio  voltage  across  resistor  R. 
Since  the  resistor  functions  as  a 
leakage  path  across  the  capacitor, 
the  circuit  operation  is  not  af¬ 
fected  by  the  Q  of  the  capacitor 
provided  the  effective  shunt  resis¬ 
tance  is  high  compared  to  R. 


FIG.  4 — In  audk>-fr*qu*nc7  ompliiinra, 
botti  th*  coupling  capacitor  C,  and 
the  capacitor  C,  acrou  tho  transformer 
primary  may  be  low-Q  types 


mete 


■y-Poss  Copaeiters 

A  common  use  of  the  fixed  capac¬ 
itor  is  to  provide  a  by-pass  for  al¬ 
ternating  current.  A  tjrpical  cir¬ 
cuit  of  this  type  is  illustrated  in 
Fig.  3.  In  this  application,  the  di¬ 
rect  current  through  the  vacuum 
tube  flows  through  the  voltage¬ 
dropping  resistance  R.  Capacitor 
C  is  used  to  provide  a  separate  lane 
of  lesser  impedance  for  the  a-c 
signal. 

In  this  application,  the  effective 
resistance  of  the  capacitor  is  so 
masked  by  resistance  R,  which  it 
shunts,  that  it  is  not  an  important 
factor.  If  we  assume  R  to  be  1,000 
ohms,  C  to  be  0.006  /if  and  the  fre¬ 
quency  to  be  1  megacycle,  the  im¬ 
pedance  varies  less  than  0.1  per¬ 
cent  when  an  alternative  capacitor 
having  a  Q  of  100  is  used  to  replace 
a  mica  capacitor  having  a  Q  of 
2,000.  This  impedance  change  is 
unimportant  since  either  the  resis¬ 
tor  or  the  capacitor  may  vary  by 
6  percent  or  more.  In  fact,  capaci¬ 
tors  for  by-pass  purposes  are  sel¬ 
dom  critical;  tolerances  of  greater 
than  20  percent  are  often  permis¬ 
sible.  By-pass  capacitors,  therefore, 
may  be  of  a  low-Q  design  and  a 
mica  dielectric  is  not  usually  re¬ 
quired.  • 

In  actual  practice,  mica  capaci- 


FIG.  5 — Copacitora  us*d  across  low  im- 
podanco  circttls,  such  os  may  hors 
a  fairly  large  dielectric  loss  without 
affecting  operation  of  the  circuit.  Capaci¬ 
tors  C«  ond  Cf  are  often  low-Q  types 
in  current  production 


Alternative  Capacitors 

The  possibilities  of  using  low-Q 
capacitors  in  electronic  equipment 
are  many.  Each  such  diversion 
serves  to  conserve  good  mica  for 
essential  applications.  Capacitors 
which  may  be  used  as  alternatives 
to  the  mica  types  are  obtainable  in 
molded  and- potted  styles  which  are 
mechanically  interchangeable  with 
their  mica  prototypes.  The  photo¬ 
graph  at  the  head  of  this  article  il¬ 
lustrates  several  types  of  mica  ca¬ 
pacitors  and  the  alternative  ones 
made  with  certain  other  dielectric 
materials.  The  substitute  capaci¬ 
tors  may  use  oil-treated  paper,  glass 
titanates,  manufactured  bentonite 
film  or  other  materials.  Such  ca- 
(Continued  on  page  212) 


FIG.  6— Detector  and  oscillator  circuits 
with  grid-leak  bios  arrangements  ore 
not  materially  affected  by  low-Q  capac¬ 
itors  when  the  leok  resistopce  is  small 
compared  to  the  eifective  shunt  resis¬ 
tance  of  the  copadtor 


tors  are  frequently  used  in  by-pass 
circuits,  and  since  such  capacitors 
are  of  larger  values  they  therefore 
consume  a  large  percentage  of  good 
mica. 


Other  Applications  for  Low-Q 
Capacitors 

In  the  resistance-coupled  audio 
amplifier  illustrated  in  Fig.  4  the 
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INVESTIGATION  OF 

Magnetic  Tape  Recoiders 


Performance  characteristics  and  curves  obtained  for  a  particular  application  by  a  para¬ 
meter-elimination  procedure  are  presented  here  as  being  typical  of  magnetic  recorders 


FIG.  1 — Positfons  of  polo  pioett  oad  opproximato  flux  distribution  in  magnotic 
top#  for  two  l|poo  of  magnotic  top#  rocording 


The  process  of  recording  sound 
on  magnetic  tape  originated  at 
the  end  of  the  last  century.  Since 
then  considerable  progress  has  been 
made  both  in  the  advancement  of 
the  art  and  in  its  application. 

The  major  objective  in  recording 


sound  is  usually  a  uniform  response 
over  as  wide  a  frequency  range  as 
possible,  with  the  highest  output- 
to-noise  ratio.  Any  variable  factor 
contributing  to  that  end  is  there¬ 
fore  carefully  investigated. 

In  the  particular  application  cov- 
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ered  here,  some  fundamental  fac¬ 
tors  were  fixed.  These  were  the 
physical  dimensions  and  magnetic 
properties  of  the  tajie  and  record¬ 
ing-reproducing  heads  and  the  tape 
velocity.  The  output  level  and  har¬ 
monic  distortion  were  to  be  deter¬ 
mined  as  a  function  of  frequency, 
input  level,  pole  displacement,  po¬ 
larizing  voltage,  and  obliterating 
voltage. 

The  equipment  consisted  of  a 
motor-driven,  special  steel-alloy 
continuous  tape,  two  recording 
heads  placed  on  opposite  sides  of 
the  tape,  and  two  obliterating  heads. 
The  object  of  the  obliterating  heads 
is  to  remove  previous  records  and 
to  restore  the  magnetic  state  of  the 
tape  for  a  new  record.  Either  one 
or  both  recording  heads  could  be 
used  for  reproducing  and  their  rel¬ 
ative  position  with  respect  to  each 
other  could  be  varied  along  the  tape. 

Single-lamination  poles  approxi¬ 
mately  ^  inch  thick  and  A  inch 
wide  were  used  with  each  head. 
The  tape  dimensions  were  approxi¬ 
mately  0.003  inch  in  thickness  and 
i  inch  in  width.  The  tape  was  driven 
at  a  fixed  speed  of  approximately  5 
feet  per  second,  and  the  length  of 
the  tape  was  sufiicient  for  a  record 
of  about  one  minute  in  duration. 
Two  recorders  were  to  be  adapted 
for  periodic  automatic  broadcasts 
of  voice  announcements. 

Magaatic  Raeordiag  Methods 

The  relative  position  of  the  two 
recording  heads  along  the  tape  de¬ 
termines  the  method  of  recording. 
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When  the  poles  are  directly  oppo¬ 
site  each  other,  most  of  the  mag¬ 
netic  flux  of  the  recorded  audio 
frequencies  is  lined  up  in  a  plane 
perpendicular  to  the  length  of  the 
tape;  this  is  called  perpendicular 
recording.  When  the  two  heads  are 
displaced  so  that  one  of  them  is 
ahead  of  the  other  along  the  tape, 
most  of  the  audio  flux  is  lined  up 
along  the  tape ;  this  is  called  longi¬ 
tudinal  recording.  The  two  meth¬ 
ods  are  illustrated  in  Fig.  1. 

Major  arguments  encountered  in 
literature  in  favor  of  one  or  the 
other  method  are  given  in  Table  I. 
It  seems  apparent  from  the  table 
that  even  with  the  tape  thickness 
and  tape  velocity  fixed,  the  choice 
of  either  method  depends  upon  the 
actual  performance  of  the  compo¬ 
nents  given. 

DeterMlsisg  Perferaisac* 
Cbaraeteritties 

In  order  to  explore  the  level  and 
quality  of  the  output  as  a  function 
of  input  into  recording  heads,  fre¬ 
quency,  recording-head  displace¬ 
ment  and  polarizing  voltage,  one 
would  have  to  obtain  a  number  of 
curves  equal  to  the  product  of  the 
numbers  of  individual  parameter- 
values  chosen.  If,  for  example,  10 
frequencies  were  chosen  to  cover  a 


R«ar  view  of  a  magnotic  top*  rocordor 
omd  oasodertod  chosds.  thowlnq  olr- 
coolod  motor  osod  to  diiTo  tho  ondlou 
magnotic  top* 


Magnetic  top*  rocordor  dooignod  in  ac- 
cordonco  with  rooults  of  tho  InTOstiga- 
tions  dotcribod  in  thia  orticlo.  Two 
identical  units  aro  mounted  one  obore 
tho  other  on  tho  rock  lor  continuous 
recording 


band  of  100  to  6000  cycles  for  five 
displacements  of  the  recording 
heads  and  for  five  values  of  polar¬ 
izing  voltage,  it  seemed  necessary 
to  record  and  make  measurements 
for  a  number  of  points  sufidcient  to 
plot  250  curves.  If,  in  addition,  in¬ 
termediary  values  of  parameters, 
effect  of  obliterating  voltage,  and 
the  use  of  single  or  double  repro¬ 
ducing  heads  were  to  be  explored 
the  task  appeared  quite  formidable, 
at  least  from  a  time-consuming 
standpoint.  After  a  vain  attempt  to 
get  satisfactory  results  by  cut  and 


trial,  a  procedure  of  wide-rauge  ac¬ 
celerated  observations  was  adopted. 

Ralativ*  iMportone*  of  ParoMotars 

The  first  step  was  to  determine 
the  relative  effectiveness  of  the 
parameters.  Records  were  made  at 
three  frequencies,  at  the  low,  mid¬ 
dle,  and  high  end  of  the  spectrum. 
The  voltage  input  level  into  the  re¬ 
cording  head  was  varied  over  a 
wide  range  in  relatively  large  steps 
and  the  output  was  examined  on 
the  screen  of  a  cathode-ray  oscil¬ 
loscope.  The  order  of  magnitude  of 
the  input  required  for  undistorted 
output  at  various  frequencies  was 
thus  noted. 

A  few  records  at  individual 
widely-separated  frequencies,  each 
at  an  input  level  indicated  in  the 
above  tests,  were  made  at  three 
relative  positions  of  the  recording 
heads  aiong  the  tape.  It  was  no¬ 
ticed  again  by  inspection  that  the 
high-frequency  end  was  consider- 
sbly  attenuated  with  increasing  dis¬ 
tance  between  the  recording  heads. 
One  could  not  regain  the  output  at 
a  wider  head  separation  by  increas 
ing  the  input  further.  The  level  o^ 
the  polarizirig  voltage  was  varied 
while  recording  widely  separated 
frequences  and  the  output  was  ob¬ 
served  on  the  oscilloscope.  These 
preliminary  tests  indicated  that  the 
input  level  was  the  major  factor, 
recording  head  displacement  second, 
and  polarizing  voltage  the  third  in 
order  of  importance. 

• 

Ellniaotiea  of  Paranotars 

The  second  step  was  to  eliminate 
parameters  or  reduce  their  range  to 


TABLE  I.— RELATIVE  MERITS  OF  MAGNETIC  RECORDING  METHODS 
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relatively  narrow  limits.  The  first 
parameter  to  be  closely  scrutinized 
was  the  least  effective  of  them, 
namely  the  polarizing  voltage.  Ob¬ 
servations  at  widely  separated  fre¬ 
quencies  showed  that  the  effect  of 
this  voltage  was  more  noticeable  at 
the  low-frequency  end  and  that 
within  the  limits  of  a  two-to-one 
variation  in  voltage  it  was  not  crit¬ 
ical.  Outside  of  these  limits,  the 
polarizing  voltage  caused  higher 
distortion.  This  voltage  was  there¬ 
fore  fixed  at  a  value  approximately 
half-way  between  these  two  limits. 

When  preliminary  tests  were 
made  with  recording  head  displace¬ 
ment,  it  was  observed  that  the  back¬ 
ground  noise  level  increased  with 
displacement.  Continuous-frequency 
spectrum  sweeps  were  recorded  at 
sero  and  maximum  displacements, 
with  the  same  input  in  each  case. 
The  input  voltage  versus  frequency 
had  a  generally  rising  character¬ 
istic  in  accordance  with  first  obser¬ 
vations.  The  output  was  noted  at 
the  extreme  frequencies  and  at  its 
maximum.  At  zero  displacement  the 
peak  of  the  output  occurred  approx¬ 
imately  at  2000  cycles,  while  at  a 
displacement  equal  to  four  times 
the  pole  thickness  the  peak  shifted 
approximately  to  400  cycles  per 
second.  The  noise  level  increased  6 
db  and  the  change  in  its  frequency 
spectrum  was  in  itself  unfavorable. 

In  order  to  fix  the  second  param¬ 
eter,  namely,  the  displacement  of 
the  recording  heads,  one  had  to  con¬ 
sider  the  specific  application  of  the 
equipment.  A  high  output-to-noise 
ratio  was  of  prime  importance. 
Fidelity  could  be  overlooked  as  long 
as  intelligibility  was  not  sacrificed. 
Hence  perpendicular  recording  was 
chosen  as  the  superior  of  the  two 
methods  in  this  particular  case. 

lapef  oad  Oatpat  Lavalt 

The  third  step  was  to  fix  the  op¬ 
timum  input  level  into  the  record¬ 
ing  head  for  minimum  distortion. 
This  was  to  determine  the  final  out¬ 
put  characteristics  and  the  equaliz¬ 
ing  networks  in  input  and  output 
circuits.  A  family  of  output  versus 
input  curves,  shown  in  Fig.  2,  was 
obtained  with  frequency  as  a  pa¬ 
rameter.  The  points  of  maximum 
undistorted  output  were  established 
by  observation  and  by  listening  and 
a  final  curve  of  input  versus  fre¬ 
quency  was  plotted,  as  in  Fig.  8. 


Output  was  found  to  decrease 
greatly  with  increasing  frequency. 
Input  at  all  frequencies  up  to  3000 
cps  had  to  be  kept  below  a  certain 
maximum  for  minimum  distortion. 
At  higher  frequencies,  although  dis¬ 
tortion  decreased,  the  input  was 
limited  primarily  by  the  additional 
output  realized  per  unit  input.  In 
this  case  the  little  gain  in  output  at 
inputs  above  4  volts  hardly  justified 
the  higher  voltage  amplification  re¬ 
quired  with  a  resultant  higher  back¬ 
ground  noise. 


Figure  3  shows  also  the  actual 
output  voltage  of  the  reproducing 
head  corresponding,  to  the  final  in¬ 
put  levels,  and  the  ratio  of  the  out¬ 
put  at  each  frequency  to  the  total 
noise  level.  Since  this  ratio  is  given 
in  decibels,  it  also  «represents  the 
relative  frequency  response  of  the 
output.  The  noise  spectrum  did  not 
seem  to  be  concentrated  in  a  limited 
band,  so  that  an  attempt  to  increase 
the  effective  ratio  by  attenuating 
a  particular  band  was  unsuccessful. 

(Continued  on  page  302) 
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FIG.  1 — Dissipation  factor  of  Torious 
bodlos  Torsus  froqusncy  at  25  dog  C 


The  expansion  in  high-fre¬ 
quency  applications  incident  to 
the  development  of  radio  and  ultra- 
high-frequency  devices  has  led  to 
an  increasing  demand  for  improved 
electrical  insulation.  Added  to  nor¬ 
mally  expanded  requirements,  the 
heavy  demands  of  the  Armed  Serv¬ 
ices  have  made  it  necessary  that 
the  production  of  high-frequency 
insulation  be  greatly  increased. 
These  demands  have  been  met  to  a 
considerable  extent  by  expansion  of 
existing  production  facilities,  as 
tsrpified  in  the  case  of  ceramic  in¬ 
sulation  by  a  much  greater  output 
of  steatite  for  radio  and  other  high- 
frequency  uses. 

During  the  early  part  of  the 
present  emergency,  substitutes  also 
came  into  use.  For  example,  stea¬ 
tite  has  been  successfully  replaced 
by  more  conventional  types  of  por¬ 
celain  in  those  components  of  high- 
frequency  equipment  not  actually 
subjected  to  high-frequency  volt¬ 
ages.  Moreover,  other  materials  are 
meeting  the  requirements,  such  as 
glass-mica  products,  low-loss  glasses 
and  special  zircon  porcelains.  Also 
of  interest  are  ceramic  dielectrics 
for  capacitor  usage,  such  as  the 
high  dielectric  constant  (if  =  15  to 
110)  bodies  which  in  most  cases 
consist  essentially  of  titania  (TiO,) 
in  the  crystal  form  of  rutileS  and 
the  still  higher  dielectric  constant 
(K  =  1000  to  10,000)  titanate 
bodies  more  recently  developed*. 


Organic  types  of  insulation  are 
also  being  used  for  many  high-fre¬ 
quency  applications  where  the  prop¬ 
erties  of  a  ceramic  are  not  re¬ 
quired,  but  where  the  particular 
merits  of  the  organic  insulation 
make  its  use  favorable.  Polysty¬ 
rene,  for  example,  has  extremely 
low-loss  properties  which  can  only 
be  approached  by  ceramics  such  as 
fused  quartz,  ultra-steatite,  and 
special  zircon  porcelains.  Among 
other  organics  for  high-frequency 
usage  are  polyethylene,  polyiso¬ 
butylene,  polyvinyl  carbazole  and 
various  copoljrmers  and  mixtures 
of  these  with  fillers. 

In  view  of  the  great  current  need 
for  high-frequency  ceramic  insula¬ 
tion  and  the  probable  future  usage 
in  all  types  of  electronic  equipment, 
an  investigation  was  made  of  var¬ 
ious  types  of  ceramic  bodies  for 
such  applications,  considering  both 
the  manufacturing  problems  and 
the  ultimate  properties.  This  in¬ 
cluded  development  of  a  type  of 
ceramic  which  shall  be  identified 
herein  as  “zircon  porcelain”. 

ReqaireaiMts  of  Higb-FreqMaey 
CaraMict 

A  recent  War  Standard*  issued  by 
The  American  Standards  Associa¬ 
tion  in  cooperation  with  industry 
and  the  Gk)vernment  Services  was 
devised  primarily  to  classify  vari¬ 
ous  grades  of  steatite.  This  stand¬ 
ard  is,  however,  broad  enough  in  its 


essential  details  to  include  other 
ceramic  materials.  The  above-men¬ 
tioned  standard  and  counterpart 
methods  referred  to  in  “Standard 
Methods  of  Testing  Electrical  Por¬ 
celain”*  were  conveniently  used  in 
all  studies  of  materials  herein  dis¬ 
cussed.  The  standard  specification 
which  was  of  greatest  use  deals 
with  the  loss  factor.  The  various 
grades  of  material,  determined 
after  water  immersion  at  a  fre¬ 
quency  of  1.0  Me,  are  as  follows : 


Grade 

Lon  Factor 

Lrl 

O.IBO 

L-2 

0.070 

LrS 

0.036 

L-4 

0.016 

L-5 

0.008 

Ij-S 

0.004 

It  is  pertinent  that  the  ASA 
Standard*  for  “Steatite  Radio  In¬ 
sulators”  specifies  “Where  a  defin¬ 
ite  grade  of  steatite  is  not  specified, 
Grade  L-3  or  better  shall  be  fur¬ 
nished”.  Thus  our  interest  lies  in 
four  grades,  although  regular  high- 
tension  porcelain  which  has  been 
used  successfully  in  the  low-fre¬ 
quency  components  of  high-fre¬ 
quency  devices  is  frequently  Grade 
L-2. 

Maavfoetariiig  CeatIderatioNs 

Steatite  compositions  consist  es¬ 
sentially  of  the  mineral  talc  (3  MgO 
4  SiO,  H,0)  or  one  of  its  related 
minerals,  to  which  hftve  been  added 
lesser  amounts  of  clay  and  fiuxes. 
The  usual  fiux  is  an  alkaline  alum* 
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CERAMICS 

Zircon  porcelains  widely  used  as  insulation  where  ability  to  withstand  heat-shock  is  im¬ 
portant,  such  as  in  spark-plugs,  have  been  developed  for  high-frequency  use.  Properties 
of  such  porcelains  and  of  steatites,  ultra-steatites,  high-tension  porcelain  and  transpar¬ 
ent  fused  quartz  are  given.  Test  methods  are  described 


inum  silicate  such  as  feldspar  or 
lepidolite.  For  the  better  grades, 
the  alkaline  minerals  are  replaced 
by  alkaline  earth  fluxes,  such  as 
calcium  and  barium  compounds. 
Other  special  fluxes  have  also  been 
used  successfully. 

Molding  may  be  done  using  spe¬ 
cial  techniques  by  any  of  the  con¬ 
ventional  ceramic  methods,  which 
include  pressure  forming  in  steel 
molds  (dry  or  wet  pressing),  plas¬ 
tic  extrusion,  or  slip  casting.  In 
the  dry-press  process  the  molding 
of  steatite  has  an  advantage  over 
many  other  ceramics  in  that  the 
mineral  talc  is  comparatively  soft, 
and  is  also  somewhat  self-lubricat¬ 
ing  because  of  its  flbrous  and  foli¬ 
ated  nature.  Thus  die  wear  is  re¬ 
duced  to  a  minimum.  This  inherent 
softness  also  makes  the  material 
particularly  amenable  to  drilling 
and  tapping  in  the  dried  state. 
In  forming  by  plastic  extrusion  or 
by  slip  casting,  steatite  is  more 
difficult  to  handle  than  most  por¬ 
celain  bodies  because  of  its  low  clay 
content  and  the  nature  of  finely 
ground  talc.  Auxiliary  plasticizers 
and  bonds  and  special  techniques 
are  thus  required. 

Steatite  is  usually  fired  to  a  py- 
rometric  cone  equivalent  of  cone  11 
to  cone  14  (about  1300  to  1400  deg 
C) ,  thus  transforming  the  raw  mix¬ 
ture  into  a  porcelain  having  the 
requisite  high-frequency  charac¬ 
teristics.  The  fired  material  is  es¬ 
sentially  a  mass  of  crystals  of  mag¬ 
nesium  silicate  (MgO  SiO,)  in  the 
form  of  clinoenstatite*  or  one  of  its 
polymorphous  forms.  The  magne¬ 
sium  silicates  are  bonded  together 
with  an  alkaline  or  alkaline  earth 
glass  in  most  cases,  and  cristobalite 
crystals  (SiO,)  may  be  present  as 
a  result  of  the  thermal  dissociation 


of  the  talc^  or  clay*  used  as  raw 
materials. 

The  material  has  a  comparatively 
short  firing  range*  for  the  develop¬ 
ment  of  complete  vitrification  (zero 
porosity),  and  this  may  vary  from 
10  to  20  deg  C  for  ultra-low  loss 
types  to  possibly  30  to  40  deg  C  for 
ordinary  types.  By  comparison,  many 
porcelains  have  firing  ranges  of  50 
to  90  deg  C.  The  temperature  range 
for  steatite  firing  is  limited  be¬ 
tween  a  state  of  porosity  due  to  un¬ 
derfiring  and  distortion  or  vesicular 
development  as  a  result  of  overfir¬ 
ing.  Thus  very  close  temperature 
control  is  necessary  in  firing. 

Zircon  porcelains  for  applications 
where  heat  shock  and  other  special 
properties  are  important,  as  for  ex¬ 
ample  spark-plug  insulators,  have 
been  known  for  many  years.  Such 
porcelains  did  not,  however,  re¬ 
ceive  much  consideration  for  high- 
frequency  use  until  the  develop¬ 
ment  work  of  The  Titanium  Alloy 
&  Mfg.  Co.  was  first  reported  in 
1942.* 

Low-loss  zircon  porcelain  compo¬ 


sitions  contain  predominant 
amounts  of  the  mineral  zircon 
(ZrOs  SiO,)  to  which  have  been 
added  lesser  amounts  of  clay  and 
fluxes  of  the  alkaline  earth  and 
magnesium  types,  as  well  as  other 
special  fluxes  as  required. 

Such  compositions  may  be  proc¬ 
essed  by  any  of  the  methods  used 
for  high-tension  electrical  porce¬ 
lain.  Pressure  forming  in  steel  dies 
is  signally  successful.  Although  the 
dry  press  method  can  be  used  satis¬ 
factorily,  it  has  been  found  expedi¬ 
ent  to  use  a  wet  processing  method 
known  as  “Prestite"  forming,  by 
which  uniform  density  is  developed 
in  an  evacuated  steel  die.  The  wet 
processing  method  has  a  further 
advantage  that  excessive  die  wear, 
which  might  be  exjiected  from 
abrasive  zircon,  is  reduced  to  a 
practical  minimum.  Moreover,  it  is 
significant  that  compositions  have 
been  developed  which  have  total 
shrinkages  identical  with  high- 
tension  Prestite  porcelain.  Thus  a 
great  saving  in  die  cost  and  time 
has  been  realized. 


TABLE  I.  MECHANICAL  AND  PHYSICAL  PROPERTIES  OF  SIX  CERAMICS 


Zbeon 

PerccUin 

ZlKon 

PorcoUin 
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Uka- 

SteatHe 
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Porcelain 

Qaar 
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(Z-l) 

(Z-t) 

(S-l) 

(S.9) 

(P-1) 
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3.6t 
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9.4 

9.9 
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0.00 

0.0  to  0.6 
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0.00 

0.00 
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Non« 

Non* 

In  tome 
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TrMWvnrM  Sfcnnath.  lb. 

95.000 
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17.400 

6J000 
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:  .■  creases  in  water  absorption  after 

M I  1^  I  I  I  nr]  removal  of  the  surfac'  skins.  No 

- - - - - such  skin  effects  occur  with  the 

■  I  ^  _ >  uniformly  dense  zircon  porcelains. 

i  i  I  "  1  'J  Low-loss  zircon  porcelains  have 

!  i  I  excellent  thermal  properties.  Sev- 

_ _ _ i—i _ I  I _ \---’  ®ral  factors,  including  thermal  con- 

_ _  ^  ductivity,  elasticity,  thermal  expan- 

' " “  ^ ^ ^ -Lq ^ ®  inherent  strength,  contrib- 

-U-j - - - 1-  ute  to  the  ability  of  a  ceramic  to 

withstand  heat  shock.  Only  the  lat- 
^  i  ter  two  factors  can  be  evaluated  at 

- L - - — - present,  although  an  actual  heat 

_ j. _ _ LL-— shock  test  was  conducted  to  permit 

i  study  of  the  materials  as  affected 

^  "  by  all  contributing  factors. 

-1-1—1 — — i-J-l-i — — LLi-i — — ^”^9  Type  Z-1  successfully  passed  the 

%c  (c  *»)  ASA  standard  heat  shock  test*  for 

Glass  L  ceramic  radio  insulating 
materials.  This  test  involves  twenty 

odiM  T.r.«.  fr^ncT  at  25  d.,  C 

to  ice  water  (100  deg  C  to  0  deg  C). 
Z-2 — A  low-loss  zircon  porcelain  The  specimens  thus  tested  were 
having  somewhat  improved  prop-  quenched  from  successively  higher 
erties  over  Z-1.  temperatures  of  160,  200  and  250 

P-1 — A  commercial  high-tension  ^  water.  The  first 

electrical  porcelain  typical  of  that  cracks  appeared  during  the  200- 
used  for  high-voltage,  60-cycle  ap-  ^  quenching,  but  these  were  of 
plications.  1®®®  magnitude  than  the  cracks  in 

F-l—Transparent  fused  quartz,  steatite  quenched  in  the  standard 
As  regards  mechanical  and  phys-  manner  from  100  deg  C.  Moreover, 
ical  properties,  it  was  not  possible  transverse  strength  of  the  zir- 

to  make  actual  tests  in  ail  cases  due  porcelain  specimens  was  low- 

to  the  impracticability  of  obtaining  percent  by  quenching 

complete  sets  of  test  specimens.  C*  Preliminary  tests  in- 

Thus,  some  data  are  necessarily  pre-  dicate  that  zircon  porcelains  hav- 
sented  on  the  basis  of  information  shock  properties  even  bet- 

reported  by  different  manufactur-  those  for  Z-1  are  probable, 

era.  In  the  case  of  all  electrical  The  coefficient  of  thermal  expan¬ 
properties,  except  dielectric  sion  of  steatite  is  approximately  80 
strength,  it  was  possible  to  obtain  to  140  percent  higher  than  that  of 
specimens  and  conduct  complete  various  zircon  porcelains.  The  lat- 
tests.  ter  are  entirely  free  from  crystal- 

Table  I  is  a  compilation  of  the  line  inversion  effects  and  thus  have 
available  mechanical  and  physical  essentially  uniform  expansions  over 
properties.  It  was  found  that  the  the  entire  useful  range  of  temper- 
zircon  i)orcelains  are  37  to  42  per-  ature.  Steatite,  on  the  other  hand, 
cent  heavier  than  steatites.  How-  may  have  an  irregularity  in  its  ex- 
ever,  even  for  most  aircraft  appli-  pansion  due  to  the  presence  of  cris- 
cations  the  higher  si>ecific  gravity  tobalite  crystals.  This  irregularity 
of  the  material  would  not  militate  is  due  to  an  inversion  from  alpha  to 
against  its  use,  since  the  total  the  beta  crystalline  form  in  the 
weight  of  ceramic  insulation  is  but  range  from  200  to  800  deg  C,  ac- 
a  small  part  of  the  weight  of  the  companied  by  a  volume  change  of 
equipment  involved.  2.8  percent  which  is  known  to  be 

The  zircon  porcelains,  because  of  detrimental  to  thermal  shock  prop- 
their  extremely  dense  character,  erties. 

have  zero  absorption  and  are  imper-  The  transverse,  tensile  and  com- 
vious  as  tested  in  high-pressure  pressive  strengths  of  Z-1  were  mod- 
dye  solutions.  Of  four  steatites  erately  higher  than  the  reported 
tested,  two  were  vitreous  or  dense  values  for  steatite,  and  a  compara- 
enough  to  be  classified  as  imper-  tive  impact  test  between  S-1  and 
vious,  although  both  showed  in-  Z-1  indicated  a  slight  superiority 
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Mecbaaleal  aad  Physical  Prepartias 

The  six  materials  tested  and  re¬ 
ferred  to  in  subsequent  discussion 
are  as  follows: 

S-1 — A  commercial  steatite  rep¬ 
resenting  an  average  grade. 

S-2 — A  commercial  low-loss  or 
ultra-steatite. 

Z-1 — A  commercial  low-loss  zir¬ 
con  porcelain  representing  an  aver¬ 
age  grade.* 
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for  Z-1.  Additional  development 
and  testing  may  very  well  lead  to 
eompositions  considerably  stronger 
than  Z-1,  which  is  the  only  zircon 
porcelain  thus,  far  tested  mechan¬ 
ically. 

Il•cfrical  Properties 

The  following  electrical  prop¬ 
erties  were  determined  for  the  six 
samples  previously  enumerated : 

(1)  dissipation  factor  or  tan  8  as  a 
function  of  frequency  at  25  deg  C, 

(2)  dielectric  constant  as  a  func¬ 
tion  of  frequency  at  25  deg  C, 
(8)  dissipation  factor  at  100  kc  as 
a  function  of  temperature,  (4)  di¬ 
electric  constant  at  100  kc  as  a 
function  of  temperature,  (5)  d-c 
resistivity  as  a  function  of  temper¬ 
ature,  and  (6)  dielectric  strength 
at  60  cps.  The  dissipation  factor 
of  all  samples  was  determined  at 
one  megacycle,  both  dry  and  after 
water  immersion,  using  two  types 
of  electrodes.  The  two  types  of 
electrodes  will  be  discussed  in  a 
subsequent  section. 

The  absolute  values  of  the  dis¬ 
sipation  factor  or  tan  8  are  given 
in  all  cases.  If  the  loss  factor  is 
dmired,  it  is  obtained  by  multiply¬ 
ing  the  dissipation  factor  by  the 
dielectric  constant  Since  for  small 
angles  the  tangent  and  the  sine  are 
approximately  equal,  the  dissipation 
factor  and  power  factor  may  be  con¬ 
sidered  to  be  identical  for  values  of 
either  up  to  0.10. 


The  measurements  from  100  cps 
to  100  kc  were  made  with  a  General 
Radio  type  716-ASl  bridge.  Those 
from  1  Me  to  50  Me  were  made 
with  a  General  Radio  susceptance 
variation  circuit,  type  P-513.  Those . 
in  the  neighborhood  of  200  Me  were 
made  with  a  reentrant  cavity  reso¬ 
nator.  The  electrodes  used  in  all 
cases,  except  as  noted,  were  fired-on 
silver  which  insured  intimate  con¬ 
tact  with  the  samples. 

The  dissipation  factor  for  the 
various  bodies  as  influenced  by  fre¬ 
quency  in  the  range  from  100  cps 
to  200  Me  is  given  in  Fig.  1.  Con¬ 
sidering  this  entire  frequency 
range,  the  high-tension  porcelain 
P-1  has,  in  general,  the  highest  dis¬ 
sipation  factor  and  fused  quartz 
F-1  the  lowest.  This  is  to  be  ex¬ 
pected  since  the  former  contains  a 
considerable  amount  of  alkali  metals 
while  the  latter  contains  none.  The 
values  for  the  zircon  porcelains  and 
the  steatites  lie  in  between  those 
for  high-tension  porcelain  and 
fused  quartz,  at  least  in  the  higher- 
frequency  range^  At  the  lower  fre¬ 
quencies  Z-1  shows  a  higher  dis¬ 
sipation  factor  than  Z-2.  The  rise 
in  dissipation  factor  at  low  fre¬ 
quencies  for  both  samples  may  be 
attributable  to  the  presence  of  al¬ 
kaline  earth  fluxes. 

From  Fig.  1  it  is  seen  that  the 
Z-1  porcelain  approaches  the  dis¬ 
sipation  factor  of  fused  quartz 
(about  0.0605)  at  10  Me  while  the 


Z-2  porcelain  approaches  the  fused 
quartz  value  at  100  kc.  Fused  quartz 
has  such  a 'low  dissipation  factor 
that  it  could  not  be  determined 
very  accurately.  Our  measurements, 
however,  show  that  the  dissipation 
factor  for  fused  quartz  is  definitely 
less  than  0.0005  over  the  whole 
frequency  range.  In  Fig.  1  all  val¬ 
ues  for  fused  quartz  are  plotted  as 
0.0005.  All  points  are  not  shown 
at  the  high-frequency  end  of  the 
plot  because  four  of  the  curves  all 
approach  a  0.0005  dissipation  factor 
and  introduction  of  all  points 
would  only  result  in  confusion.  Fig¬ 
ure  1  also  shows  that  the  high-fre¬ 
quency  dissipation  factors  of  both 
zircon  porcelains  are  comparable  to 
that  of  the  ultra-steatite  sample  S-2. 

Figure  2  gives  the  dielectric  con¬ 
stants  of  the  same  series  of  mate¬ 
rials  as  a  function  of  frequency. 
The  zircon  porcelains  have  higher 
dielectric  constants  over  the  whole 
range  of  frequency  than  do  the 
steatites.  This  is  to  be  expected 
since  the  related  zirconium  dioxide 
has  a  dielectric  constant  of  18.  All 
dielectric  constants  decrease  some¬ 
what  with  increase  in  frequency, 
which  is  a  normal  behavior.  The 
higher  dielectric  constant  at  the 
lower  frequencies  is  attributed  to 
the  oscillation  of  ions  which  con¬ 
tribute  less  and  less  to  the  dielec¬ 
tric  constant  as  the  frequency  in¬ 
creases,  because  fewer  and  fewer  of 
them  can  follow  the  field  with  in- 
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in  place.  The  sample  is  then  re¬ 
moved,  and  the  second  operation 
consists  of  turning  in  the  microm¬ 
eter  of  the  sample  holder  until 
resonance  is  restored.  This  pro¬ 
cedure  eliminates  to  a  large  extent 
the  effect  of  inductance  and  resist¬ 
ance  of  leads.  The  sample  holder 
itself  is  fitted  with  two  heavy  metal 
plates  (two  inches  in  diameter  in 
our  case)  between  which  the  sam¬ 
ple  is  clamped.  These  plates  are  as 
near  plane  and  parallel  as  it  is  pos¬ 
sible  to  machine  them. 

All  of  the  precision  adjustments 
of  the  sample  holder',  however,  can 
be  nullified  when  used  with  a  poor 
sample.  It  is  quite  common  to  re¬ 
ceive  ceramic  samples  which  are 
either  somewhat  warped  or  wedge- 
shaped.  Obviously,  the  use  of  such 
a  sample  can  bring  about  large  er¬ 
rors,  particularly  in  the  dielectric 
constant.  Therefore,  all  warped  or 
wedge-shaped  samples  should  be 
lapped  until  the  surfaces  are  plane 
and  until  the  two  faces  are  parallel 
to  within  one  percent  of  the  thick¬ 
ness  of  the  sample. 


C,C, 


Soinpl*  EI*ctrod«s 


where  tan  5,,  «  measured  dissipation  factor 
tan  6a  ■■  true  diaaipation  factor  of 
sample 

tan  6p  »  diaaipation  factor  of  petro¬ 
latum  film 

Cm  *  measured  capacitance 
C,  ~  true  capacitance  of  sample 
C,  ■■  capacitance  of  petrolatum 
film. 


Equations  (1)  and  (2)  express 
the  dissipation  factor  and  capaci¬ 
tance,  respectively,  for  the  com¬ 
bination  of  the  sample  and  petrola¬ 
tum  film  when  the  two  are  in  series. 
The  discrepancy  between  the  true 
and  measured  dissipation  factor 
and  capacitance  increases  with  the 
thickness  of  the  petrolatum  film 
and  with  the  dielectric  constant 
of  the  body  under  test. 

In  order  to  obtain  some  idea  of 
the  magnitude  of  the  errors  in¬ 


volved,  let  us  assume  that  the  sum 
of  the  thicknesses  of  the  two  petro¬ 
latum  films  is  0.0005  in.,  which  ap¬ 
proximates  actual  film  thicknesses 
encountered.  Approximate  values 
of  the  dissipation  factor  and  dielec¬ 
tric  constant  of  petrolatum  are  as¬ 
sumed  to  be  0.0001  and  2.2,  respec¬ 
tively.  It  is  assumed  further  that 
the  sample  under  consideration  is 
I  inch  thick  and  2  inches  in  diam¬ 
eter  and  that  its  true  dissipation 
factor  is  0.001.  With  these  assump¬ 
tions  Eq.  (1)  and  (2)  can  be  used 
to  determine  the  measured  values 
of  dissipation  factor  and  capaci¬ 
tance  of  the  sample  as  a  function 
of  the  dielectric  constant  of  the 
body.  The  results  pf  such  calcula¬ 
tions  are  given  in  Table  III. 

The  difference  between  the  true 
values  of  the  dissipation  factor  or 


Since  the  surfaces  of  the  sample 
cannot  always  be  made  absolutely 
plane  and  parallel,  it  is  highly  im¬ 
portant  that  the  sample  be  fitted 
with  intimately  contacting  elec¬ 
trodes.  A  high-conductivity  metal 
is  desirable  because  the  electrodes 
on  the  sample  may  contact  the  sam¬ 
ple  holder  at  only  a  few  points. 
Lead-foil  electrodes  applied  with  a 
thin  filqi  of  petrolatum  are  usually 
recomnfended.  Such  electrodes, 
howevfer,  can  lead  to  errors,  particu¬ 
larly  when  used  with  the  higher  di¬ 
electric  constant  materials.  In  this 
case  the  petrolatum  films  are  elec-  • 
trically  in  series  with  the  sample 
under  test.  The  measured  dissipa¬ 
tion  factor  and  dielectric  constant 
are  those  for  the  combination  of  the 
petrolatum  films  in  series  with  the 
sample.  That  this  t3rpe  of  electrode 
can  lead  to  erroneous  results  can  be 
shown  by  a  relatively  simple  an¬ 
alysis. 

When  the  thickness  of  the  petro¬ 
latum  film  is  known,  its  effect  on 
both  dissipation  factor  and  dielec¬ 
tric  constant  can  be  calculated  by 
means  of  the  following  expressions : 

C,  Un  5,  -f-  c.  tan  8p  , 

- crnvrT"-^ 


FIG.  5 — RMistiTity  of  rorioua  bodies  yertui  temperature 
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crease  in  frequency.  The  higher 
dissipation  factors  observed  at  the 
low  frequencies  and  shown  in  Fig.  1 
are  also  attributed  to  the  same 
mechanism,  for  oscillating  ions  can 
also  contribute  to  the  dissipation 
factor. 

Figure  3  gives  the  dissipation 
factors  measured  at  100  kc  as  influ¬ 
enced  by  temperatures  up  to  600 
deg  C  for  the  various  materials.  In 
the  case  of  these  measurements, 
the  electrodes  of  fired-on  silver 
were  backed  by  solid  cylinders  of 
silver.  The  leads  into  the  oven  were 
also  made  of  silver,  insulated  by 
means  of  fused  quartz  tubing.  The 
substitution  procedure  was  used  in 
all  of  these  measurements.  The 
first  measurement  was  made  with 
the  ungrounded  backing  electrode 
in  contact  with  the  silver  coating  on 
the  sample,  and  the  second  measure¬ 
ment  with  the  backing  electrode 
raised  about  one  inch  from  the  sam¬ 
ple.  This  procedure  eliminated  the 
lead  capacitance  and  capacitance  of 
the  ungrounded  backing  electrode 
to  the  oven.  Silver  was  the  only  con¬ 
veniently  obtainable  metal  which 
withstood  the  high  temperatures  in¬ 
volved  without  forming  an  annoy¬ 
ing  oxide  film  on  its  surface. 

Examination  of  Fig.  3  shows  that 
the  high-tension  porcelain  sam¬ 
ple  P-1  has  a  rapid  rise  in  dissipa¬ 
tion  factor  after  100  deg  C  is 
reached.  The  fused  quartz  sample 
F-1  and  the  ultra-steatite  sample 
S-2,  on  the  other  hand,  do  not  show 
a  rapid  rise  until  about  400  deg  C. 
The  zircon  porcelains  and  the  av¬ 
erage  grade  of  steatite  show  rises 
in  dissipation  factor  in  the  inter¬ 
mediate  temperature  region.  This 
indicates  that  the  zircon  porcelains 
in  the  present  state  of  development 
are  not  as  satisfactory  for  use  as 
ultra-steatite  where  temperatures 
considerably  over  200  deg  C  are  in¬ 
volved.  However,  development  is  be¬ 


TABLE  It 

DIELECTRIC 
•0  CPS 

STRENGTH  AT 

T)iickn«n 

Di<l«clric 
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(Vote  p«r  MU) 

Z-l 

0.1  S5 

ato 

Z-* 

01«5 

300 

S-1 

ass 

830 

S-f 

0.S5 

840 

P-1 

0.S5 

300 

F-l 

. 
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ing  continued  and  the  possibility 
of  obtaining  a  zircon  composition 
with  better  high  temperature  be¬ 
havior  is  promising. 

Figure  4  gives  the  dielectric  con¬ 
stant  variations  with  temperature 
as  determined  at  100  kc  for  the  var¬ 
ious  bodies.  Here  again  the  high- 
tension  porcelain  P-1  shows  consid¬ 
erable  rise  with  temperature 
whereas  fused  quartz  F-1  and  the 
ultra-steatite  S-2  show  only  a  small 
rise  with  temperature.  The  zircon 
porcelains  and  the  average  grade 
steatite  are  intermediate.  The  rise 
in  both  dielectric  constant  and  dis¬ 
sipation  factor  with  temperature  is 
believed  to  be  caused  by  the  pres¬ 
ence  of  certain  ions  which  can  oscil¬ 
late  more  and  more  freely  as  the 
structure  of  the  material  loosens 
up  as  a  result  of  the  expansion  ac¬ 
companying  the  temperature  rise. 
It  is  known  that  certain  alkali  metal 
ions,  particularly  sodium,  can  cause 
this  tsrpe  of  behavior.  However,  the 
type  of  ion  present  is  not  the  only 
factor,  for  the  structure  of  the  ma¬ 
terial  also  plays  an  important  role. 

The  influence  of  temperature  on 
the  resistivity  of  the  various  bodies 
is  shown  in  Fig.  6.  The  high-ten¬ 
sion  porcelain  P-1  has  the  lowest 
resistivity  over  the  whole  range  of 
temperature  as  expected.  However, 
zircon  porcelains  Z-1  and  Z-2,  as 
well  as  the  ultra-steatite  S-2,  have 
higher  resistivities  above  600  deg  C 
than  fused  quartz  F-1.  This  is  a 
somewhat  unexpected  result  and 
indicates  that  these  materials 


should  uud  application  at  high  teir- 
peratures  in  those  cases  where  di¬ 
rect  voltages  are  involved.  All  of 
the  resistivities  above  approxi¬ 
mately  100  megohm-cm  were  deter¬ 
mined  with  a  General  Radio  type 
544-B  megohm  bridge  which  ap¬ 
plied  500  volts  to  the  samples.  The 
lower  values  of  resistivity  were 
measured  with  an  RCA  Junior 
Voltohmist  which  applied  only  a 
few  volts  to  the  samples. 

The  dielectric  strength  tests 
were  made  at  60  cps  according  to 
the  ASTM  method*  except  that  i- 
inch  thick  disks  were  used  in  some 
cases.  The  results  for  the  six  ma¬ 
terials  are  given  in  Table  II.  The 
values  listed  are  not  strictly  com¬ 
parable  because  of  differences  in 
thickness  of  test  specimens. 

Electrical  Test  Methods 

It  is  evident  from  the  foregoing 
that  in  order  to  completely  evaluate 
dielectric  materials  it  is  necessary 
to  determine  the  electrical  proper¬ 
ties  over  wide  ranges  of  frequency 
and  temperature.  In  order  to  cover 
the  frequency  range  from  100  cps 
to  200  Me,  it  was  necessary  to  use 
three  different  sets  of  equipment 
which  have  already  been  identified. 
No  serious  difficulty  is  encountered 
at  frequencies  up  to  1  Me.  However, 
at  1  Me  and  higher  frequencies, 
extreme  care  must  be  exercised. 
The  essential  procedures  for  oper¬ 
ating  such  equipment  are  described 
in  the  ASTM  methods.* 

In  order  to  properly  classify  a 
material  according  to  the  ASA 
Standards,*  it  is  necessary  to  meas¬ 
ure  dissipation  factors  as  low  as 
0.0008  with  reasonable  accuracy. 
Aside  from  any  errors  caused  by  the 
measuring  equipment  itself,  the  fol¬ 
lowing  important  factors  may  af¬ 
fect  the  accuracy  to  a  considerable 
degrree:  (1)  condition  of  sample, 
(2)  the  type  of  electrodes  applied 
to  the  sample,  and  (3)  humidity  or 
moisture  conditions. 

CoiiciitioR  of  Sanpl* 

In  all  dielectric  measurements  at 
frequencies  much  above  one  mega¬ 
cycle,  it  is  essential  to  use  a  sample 
holder  fitted  with  a  micrometer 
screw.  A  substitution  method  is 
usually  used  in  which  the  first  op¬ 
eration  consists  of  adjusting  the 
circuit  to  resonance  with  the  sample 


TABLE  in.  EFFECT  OF  PETROLATUM  FILM  ON  DISSIPATION  FACTOR  AND 
DIELECTRIC  CONSTANT* 
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Power  Factor 
CORRECTION  CHARTS 


Charts  for  determining  how  much  leading  reactive  power  is  needed  to  secure  a  desired 
amount  of  improvement  in  power  factor,  with  practical  data  on  the  use  of  capacitors 
and  auto  transformers  for  correction  purposes  and  on  effects  of  harmonics 


CURRENT  taken  by  a-c  electrical 
equipment  such  as  induction 
motors,  welding  equipment,  neon 
signs  and  lightly  loaded  power 
transformers,  lags  behind  the  volt¬ 
age  by  some  angle.  The  power  taken 
by  the  equipment  is  expressed 
P  =  El  cos  d  watts,  where  6  is 
the  angle  of  lag  and  cos  6  is  the 
power  factor.  The  power  utilized 
(real  power)  is  less  than  the  prod¬ 
uct  El  (apparent  power)  by  the 
factor  cos  9,  which  is  always  less 
than  one. 

Calcalofien 

The  expression  El  cos  9  for  the 
power  taken  by  a-c  electrical  equip¬ 
ment  may  be  represented  in  vector 
form  as  in  Fig.  1(a).  Inasmuch  as 
voltage  E  is  more  or  less  constant 
in  any  given  system,  the  same  vec¬ 
tor  diagram  may  be  used  to  express 
power  relations,  as  in  Fig.  1(b). 

If  the  real  power  or  the  appar¬ 
ent  power  alone  is  known,  the  other 
may  be  found  from  the  relation: 
real  power  =  apparent  power  X 
power  factor.  The  reactive  power 
may  be  found  from  the  relation: 
reactive  power  =  apparent  power  x 
sin  9. 

If  from  the  right-angle  triangle 
in  Fig.  1(b)  we  designate  real 
power  as  A,  reactive  power  as  B, 
apparent  power  as  C  the  necessary 
leading  power  for  correction  as  Y, 
the  new  power  factor  as  cos  )8,  and 
the  resultant  apparent  power  as  X, 
as  shown  in  Fig.  1(c),  the  follow¬ 
ing  relations  hold  for  the  calcula¬ 
tion  of  improved  power  factor. 

B  A  ( 

X  -  VA*  +  (B  -  y)*  (2) 


C08/J  - 


Va*  -f  (B  -  Yy 


By  BARRY  HOLUBOW 
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The  charts  in  Fig.  2  and  Fig.  3 
are  based  on  the  above  equa¬ 
tions,  and  a  unit  kva  of  power.  They 
may  be  used  for  any  load  by  multi¬ 
plying  the  value  of  leading  kva  by 
the  value  of  kva  involved. 

Um  of  Charts 

Let  us  assume  that  we  have  a 
load  of  6  kva,  45  percent  power  fac¬ 
tor,  and  it  is  desired  to  correct  the 
load  to  90  percent  power  factor.  A 
straight  line,  in  Fig.  2,  drawn 
through  0.45  on  the  EXISTING 
LOAD  P.F.  scale  from  0.90  on  the 
DESIRED  LOAD  P.F.  scale  will 
intersect  the  CAPACITANCE  IN 
KVA  scale  at  approximately  0.676. 
That  means  that  for  each  kva  we 
need  0.676  kva  of  leading^reactive 
power  to  correct  to  90  percent 
power  factor.  For  5  kva,  3.376  kva 
will  be  needed. 

Drawing  a  straight  line  through 
0.45  and  0.90  on  the  outside  scales 
in  the  alignment  chart  in  Fig.  3, 
we  find  that  the  kva  ratio  is  0.5; 
that  is,  instead  of  having  5  kva  be¬ 
fore  correction,  the  load  is  now  only 
2.5  kva. 


There  are,  in  general,  two  meth¬ 
ods  of  correcting  a  poor  power  fac¬ 
tor:  synchronous  machines  and 
static  capacitors. 

Msthods  of  Powar  Factor  Corroctioa 

Several  types  of  synchronous  ma¬ 
chines  are  used  in  correcting  load 
power  factor,  the  most  important 
being  the  so-called  synchronous  ca¬ 
pacitors  and  synchronous  motor. 
The  synchronous  capacitor  is  a  ro¬ 
tating  device  that  carries  no  me¬ 
chanical  load  and  draws  a  leading 
current.  This  device  requires  sep¬ 
arate  d-c  excitation  for  the  fields, 
and  the  amount  of  leading  current 
may  be  controlled  by  varying  the 
field  excitation.  Synchronous  ca¬ 
pacitors  are  available  in  large  sizes 
only  and  are  used  to  a  great  extent 
by  the  electrical  utilities  in  their 
distributing  sub-stations. 

The  synchronous  motor  is  similar 
to  the  synchronous  capacitor  in  its 
operation,  and  usually  requires  a 
separate  d-c  excitation.  It  differs 
from  a  synchronous  capacitor  in 
that  it  is  able  to  carry  a  mechanical 
load,  but  power  factor  correcting 
ability  is  comparatively  small  as  the 
power  factor  of  a  synchronous  mo¬ 
tor  itself  is  between  80  and  100  per¬ 
cent  leading. 

The  most  commonly  employed 


FIG.  1 — Voctor  diagrams  representing  Toltage  and  power  relations  upon  which 
the  accompanying  power  factor  correction  charts  are  based 
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TABLE  IV.  DISSIPATION  FACTORS  OF 
CERAMICS  —  SILVER  FOIL  ELEC¬ 
TRODES 

Low  Tamp.  SMvar 

LMdFoil  D«poiili4131 


Body 

Dry 

Afl«r 

W«t« 

Umnyrtioii 

Dry 

Aftw 

ygom 

IwMiwiio* 

Z-1 

0.001 1 

0.001  S 
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0.0011 
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0.0006 

0.0006 

0.0006 

0.0006 

S-1 
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0.0043 
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0.0006 

0.005S 

0.0007 

0.00S6 

P.1 

0.008S 

0.00S9 

0.008S 

0.00S8 

F-1 

0.0003 

0.0003 

0.0003 

0.0003 

tan  S.  and  the  measured  values  or 
tan  B,.  for  the  samples  having  di¬ 
electric  constants  varying  from  6 
to  1000  are  obtained  by  comparing 
the  values  in  column  (3)  with  those 
in  column  (4).  For  a  sample  hav¬ 
ing  a  dielectric  constant  of  5  the 
measured  value  of  the  dissipation 
factor  is  99  percent  of  the  true  dis¬ 
sipation  factor.  However,  when  the 
dielectric  constant  of  the  sample  is 
1000  the  measured  value  of  the 
dissipation  factor  is  only  42  per¬ 
cent  of  the  true  dissipation  factor. 

Similarly,  the  differences  between 
the  true  capacitances  and  the  meas¬ 
ured  values  of  capacitance  are  ob¬ 
tained  by  comparing  columns  (6) 
and  (7.)  When  the  dielectric  con¬ 
stant  of  the  sample  is  5  the  meas¬ 
ured  value  is  99  percent  of  the  true 
capacitance,  and  when  the  dielectric 
constant  of  the  sample  is  1000,  the 
measured  value  is  only  36  percent 
of  the  true, capacitance. 

Thus  it  is  seen  that  large  errors 
are  possible  when  foil  electrodes  are 
used  on  samples  having  dielectric 
constants  much  greater  than  10. 
For  most  purposes,  however,  the 
error  for  samples  having  dielectric 
constants  below  10  is  not  large 
enough  to  justify  elimination  of  the 
use  of  foil  electrodes.  For  composi¬ 
tions  having  dielectric  constants  of 
about  10,  both  the  measured  dis¬ 
sipation  factor  and  the  capacitance 
are  approximately  98  percent  of 
the  true  values. 

All  of  these  calculations  are 
based  on  the  assumption  that  the 
sample  is  i  inch  thick.  Some  of 
the  zircon  porcelain  samples  tested, 
however,  were  i  inch  thick  and  had 
dielectric  constants  of  about  10. 
For  this  combination,  the  meas¬ 
ured  dissipation  factor  and  capaci¬ 
tance  are  about  99  percent  of  the 
true  values. 


Some  comparative  tests  were 
made  at  one  megacycle  and  room 
temperature  which  to  some  extent 
bear  out  the  calculated  results  of 
Table  III.  In  this  comparison, 
lead-foil  electrodes  applied  with 
petrolatum  were  used  on  the  six 
bodies  in  one  case,  and  in  the  sec¬ 
ond  case,  a  fired-on  silver  electrode 
was  substituted  for  the  foil.  The 
results  for  dissipation  factor  are 
given  in  Table  IV  and  those  for 
dielectric  constant  in  Table  V. 
These  tabulations  give  values  for 
dry  samples,  as  well  as  for  the 
same  samples  after  immersion  in 
water.  The  effects  of  moisture  are 
discussed  in  the  next  section  and 
only  the  values  for  the  dry  samples 
will  be  considered  here. 

Examination  of  Tables  IV  and  V 
show  that  the  dissipation  factor 
and  dielectric  constant  values  are 
generally  lower  with  foil  electrodes 
than  with  the  intimately  contact¬ 
ing  silver  electrodes.  The  differ¬ 
ences  are  of  the  order  of  magnitude 
predicted  by  the  foregoing  anal¬ 
ysis.  While  foil  electrodes  do  not 
result  in  any  serious  errors  for  the 
particular  materials  selected  in  this 
work,  they  can,  however,  result  in 
large  errors  for  the  high  dielectric 
constant  titania  and  titanate  bodies 
previously  mentioned.  Foil  elec¬ 
trodes  also  are  completely  unsuit¬ 
able  for  high-temperature  measure¬ 
ments  because  the  foil  melts  at 
relatively  low  temperatures,  and^ 
gas  bubbles  form  in  the  petrolatum 
at  still  lower  temperatures.  The 
latter  can  result  in  even  larger 
errors  than  are  caused  by  the  pres¬ 
ence  of  the  petrolatum  film.  Thus, 
it  is  indicated  that  fired-on  silver 
electrodes  have  definite  advantages 
over  foil  electrodes  which  have  been 
commonly  used. 

Effects  of  Moister*  and  Hnmldity 

Moisture  and  exposure  to  high- 
humidity  atmospheres  usually  re¬ 
sult  in  an  appreciable  increase  in 
dissipation  factor  only  when  the 
sample  is  porous.  Any  porosity 
exceeding  what  corresponds  to  a 
water  absorption  of  0.01  per  cent 
may  result  in  an  increase  in  dissi¬ 
pation  factor.  Several  standardiz¬ 
ing  groups  specify  that  the  elec¬ 
trical  properties  be  determined 
after  a  number  of  days  of  immer¬ 
sion  in  water.  It  does  not  appear 


TABLE  V.  DIELECTRIC  CONSTANTS  OF 
CERAMICS  —  SILVER  ts  FOIL  ELEC. 
TRODES 

Low  Tmiip.  SiW« 

Load  Foil  Dupont  #41 3t 


Body 

Dry 

After 

Water 

ImiManion 

Dry 

Alter 
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Z-1 

9.1 

9.1 
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9.3 

Z*S 

8.9 

8.9 

9.8 

9.8 

S-1 

5.8 

5.8 

6.0 

6.0 

S-8 

5.8 

5.9 

5.9 

6.0 

P-1 

5.7 

5.8 

6.0 

6.0 

F-1 

4.0 

4.0 

4.1 

4.1 

to  be  generally  realized  that  the 
only  purpose  the  tests  after  water 
immersion  serve  is  to  indicate  the 
presence  of  volume  or  surface  por¬ 
osity.  The  dissipation  factor  of  a 
truly  vitreous  or  non-porous  sam¬ 
ple  does  not  increase  after  im¬ 
mersion  in  water. 

There  are  a  number  of  objec¬ 
tions  to  the  test  after  water  im¬ 
mersion  as  now  specified.  Chief 
among  these  is  that  it  requires 
several  days  before  results  become 
available.  For  this  reason  alone  it 
cannot  be  used  as  a  production  con¬ 
trol  test.  Another  important 
objection  to  the  test  is  that  it  does 
not  provide  any  more  information 
than  can  be  obtained  by  dye  pene 
tration  or  an  absorption  test, 
which  provide  a  simple  means  for 
indicating  porosity  in  a  short  time. 
Thus,  it  appears  that  some  consid¬ 
eration  should  be  given  to  the  sub¬ 
stitution  of  a  dye  penetration  or  a 
vacuum  absorption  test  for  the 
time-consuming  water  immersion 
test. 

Porosity  can  lead  to  annoying 
errors  in  dissipation  factor  meas¬ 
urements,  especially  when  porous 
samples  are  exposed  (even  for  only 
a  few  minutes)  to  atmospheres  hav¬ 
ing  a  relative  humidity  much  in 
excess  of  40  percent.  It  was  found 
that  the  dissipation  factor  of  a 
porous  sample  can  be  associated 
fairly  well  with  the  relative  humid¬ 
ity  of  the  atmosphere  in  which  it 
is  measured.  Thus,  if  reliable  dry 
values  are  desired  on  a  porous 
sample,  the  measurements  must  be 
made  in  a  low  humidity  or  prefer¬ 
ably  a  desiccated  atmosphere.  It 
should  be  pointed  out,  on  the  other 
hand,  that  successful  measure¬ 
ments  have  been  made  on  non-por¬ 
ous  samples  even  when  the  relative 
(Cfmtinued  on  page  338) 
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FIG.  2 — ^Powor  factor  corroction  chart  bosod  upon  a 
unit  kra  of  powor.  To  nso.  draw  a  stroiqht  lino  con- 
nocflng  known  Toluoa  on  loft  and  contor  scoloa.  The 
intersection  of  this  line  sHth  right-hand  scale  giees 
leading  kra  required  per  unit  kra 


FIG.  3  (oboTe) — Chart  gieing  corrected  load  kra  per  unit 
kra.  To  use,  draw  a  stredght  line  between  known  Tolues 
on  the  two  outside  scales.  The  intersection  of  this  line  with 
the  middle  scale  gires  the  ratio  of  the  kra  of  the  corrected 
load  to  that  of  the  nncorreeted  load 


method  of  power  factor  correcting, 
especially  in  the  case  of  relatively 
small  amounts  of  power,  is  by 
means  of  static  capacitors.  The  ca¬ 
pacitor  takes  a  90-deg  leading  cur¬ 
rent,  hence  all  of  its  current  is 
useful  for  correction.  Capacitor 
losses  usually  being  small,  this 
method  is  especially  economical  for 
the  small  consumer.  Commercial 
capacitors  are  available  in  capaci¬ 
tances  ranging  from  1  to  40  juf  and 
higher,  for  voltage  ratings  of  110, 
220,  440,  660  and  2300  volts.  Paral¬ 
lel  combinations  of  capacitors  can 
be  used  to  give  almost  any  desired 
capacitance. 

The  reactive  power  of  a  capaci¬ 
tor  may  be  expressed  by  the  rela¬ 
tion:  Reactive  kva  =  BJ*C /2.S5  x 
10*,  where  C  is  in  microfarads. 
Where  the  voltage  is  low,  capacitors 
have  the  disadvantage  that  the  ca¬ 
pacitance  required  becomes  large. 
If  voltage  is  110  volts  in  the  ex¬ 
ample  previously  cited,  where  3.375 
kva  is  required,  the  required  ca¬ 
pacitance  as  given  by  this  formula 


is  740  fit.  This  is  rather  a  large  ca¬ 
pacitance,  and  here  an  auto  trans¬ 
former  can  be  used  to  advantage. 
If  a  660-volt  capacitor  is  connected 
across  the  high-voltage  terminals 
of  a  1:6^  transformer,  the  capaci¬ 
tance  value  as  viewed  from  the  pri¬ 
mary  will  appear  as  the  square  of 
the  transformer  ratio,  or  36  times 
as  large.  Correction  for  3.375  kva 
will  then  require  only  a  little  over 

20  fit. 

Several  transformer  manufac¬ 
turers  have  available  as  stock  items 
power  factor  correctors  embodying 
this  principle,  in  capacities  ranging 
from  i  to  li  kva.  With  them,  power 
factor  may  be  corrected  right  at 
the  device,  thus  obtaining  a  saving 
in  copper. 

Limitatieus  ia  Fewer  Factor  Cerrectiag 

It  is  not  always  possible  to  cor¬ 
rect  a  system  to  unity  power  fac¬ 
tor.  Several  types  of  equipment, 
such  as  unloaded  transformers, 
gaseous  discharge  tubes  and  weld¬ 
ing  equipment,  take  a  current  that 


has  a  high  percentage  of  harmonics. 
The  instantaneous  power  in  an  elec¬ 
tric  circuit  is  the  product  of  the 
voltage  and  current  of  the  same 
angular  velocity  (the  same  fre¬ 
quency),  hence  the  harmonic  con¬ 
tent  of  the  current  does  not  pro¬ 
duce  any  power  and  cannot  be  cor¬ 
rected  unless  by  a  leading  current 
of  the  same  frequency. 

Another  source  of  trouble  is  the 
presence  of  harmonics  in  the  sup: 
ply  voltage  when  capacitors  are 
used  to  correct  the  power  factor.  It 
is  not  uncommon  to  have  the  supply 
voltage  contain  as  high  as  15  per¬ 
cent  of  the  third  harmonic,  and  as 
the  impedance  of  a  capacitor  to  the 
third  harmonic  is  only  33  percent  of 
that  for  the  fundamental,  the  third 
harmonic  current  taken  by  the  ca¬ 
pacitor  is  nearly  45  percent  of  the 
current  for  the  fundamental  com¬ 
ponent.  Such  conditions  would  pro¬ 
duce  at  least  about  10  percent  of  un- 
correctable  r.m.s.  current,  and  the 
best  that  could  be  hoped  for  is  90 
percent  power. 

Moy  — ELECTRONICS 


COOPERATION . . 


Cooperating  with  manufacturers  of  communication  equipment  and  contributing  through 
our  parts  to  the  working  harmony  (Gung  Ho)  of  all  branches  of  the  service  is  CINCH'S 
port  in  the  biggest  job  of  all  time.  What's  inside  a  radio  is  important,  especially  tube 
sockets,  the  heart  of  the  set.  CINCH'S  years  of  pioneering  and  research  assure  posi¬ 
tive  contact  of  each  connection  between  the  socket  and  the  tube.  Thus  communication 
through  such  a  contact  assures  the  teamwork  that  brings  success  for  our  forces. 


Gung  Ho  from  tho  Univortal  Picturm  "Gvog  Ho' 
GUNG  (Work) -HO  (Harmony) 


^  I  M  C  U  MANUFACTURING  CORPORATION 

^  ■■  2335  Wtst  Van  Buran  St,  Chicago,  Illinois 

SUBSIDIARV:  UNITED-CARR  FASTENER  CORPORATION,  CAMRRIDGE,  MASS. 


ELECTRONICS  — A/oy  1944 


145 


the  reset.  By  adding  other  coun¬ 
ters,  as  many  visual  columns  may 
be  provided  as  are  necessary  to 
the  project  under  consideration. 
The  present  rate  of  individual 
counting  by  the  machine  illustrated 
is  from  zero  to  fourteen  thousand 
counts  per  second. 

Operation  of  Tubes 

For  every  indicator  light  on  the 
panel,  there  is  a  corresponding  gas- 
filled  electronic  tube  inside  the  cal¬ 
culator  cabinet.  Ten  of  these  tubes 
are  connected  in  a  series  arrange¬ 
ment  with  the  last  tube  connected 
back  to  the  first,  making  the  cir¬ 
cuit  a  “ring”  of  ten  tubes.  The 
electrical  impulses  to  be  counted 
are  fed  into  the  input  circuit  of 
this  ring.  As  each  impulse  arrives, 
it  causes  the  tube  that  is  conduct¬ 
ing  to  cease  and  starts  the  next  one 
in  line  to  conduct.  Each  indicator 
lamp  on  the  panel  operates  only 
when  its  corresponding  tube  is 
conducting.  Thus,  if  number  zero 
tube  is  operating,  an  impulse  ar¬ 
rives  which  causes  number  zero 
lamp  to  go  out  and  number  one 
lamp  to  come  on.  The  next  impulse 
causes  number  one  to  extinguish 


TUBES  AT  WORK 


Electronic  Aroa  Colculertor .  146  Speed  Meter  for  Cconero  Shutters .  164 

Wgh-SensitiTity  Electronic  Recorder. . .  148  Fluxmeter  Uses  Lightbeom .  176 

A-C  Network  Calculator .  150  Electronic  Glueing  of  Shoe  Soles .  180 

Electronics  in  Textile  Plant .  150  Measurement  of  Filter  Chokes .  184 

RWer  Lexel  Recorded  by  Radio .  152  Electronic  MaU  Sorting .  192 

Electronic  Bottle  Inspection .  156  Design  of  Electronic  Megaphone .  200 

Constant-Impedance  Control .  160  Fluorescent  Starter  Eliminates  Blink. . .  209 


long  rectangular  cabinet  atop  the 
assembly.  This  contains  vacuum- 
tube  amplifiers  and  associated 
power  supplies  and  provides  five 
electronic  counter  visual  columns 
of  ten  counts  in  each  column.  Each 
visual  count  is  a  numbered  lens 
which  is  illuminated  as  each  im¬ 
pulse  is  received  from  the  photo¬ 
electrical  equipment  in  the  scan¬ 
ning  machine. 

A  reset  lever  is  employed  to 
place  all  the  lights  in  the  columns 
at  zero.  The  use  of  two  or  more 
counters  permits  not  only  indi¬ 
vidual  counts  but  also  permits  total¬ 
izing  the  individual  counts  in  the 
second  unit  by  not  making  use  of 


Electronic  Area  Calculator 

An  electronic  instrument  for  the 
measurement  of  the  area  of  flat 
sections  of  material  is  in  use  in 
several  industrial  plants.  So  far,  it 
has  been  applied  to  determining  the 
size  of  leather  hides  in  the  leather 
industry  and  for  measuring  pat¬ 
tern  layouts  in  the  textiles  indus¬ 
try.  Other  possible  applications  in¬ 
clude  measurements  of  the  area  of 
ink  on  printed  matter  and  the  sur¬ 
face  enclosed  by  pinpricks  of  per¬ 
forated  layouts  and  outlines. 

The  complete  machine  is  shown 
in  the  photograph  and  consists  of 
two  units,  one  a  photoelectric  ampli¬ 
fier  arrangement  for  scanning 
areas  of  material,  and  the  other  an 
electronic  calculator  or  high-speed 
counter.  The  skin  or  other  object 
to  be  measured  is  inserted  between 
rollers  that  transport  it  into  and 
through  the  machine.  Extending 
parallel  to  the  axes  of  rollers  is  a 
long  narrow  slot.  As  the  skin 
passes  across  this  slot  it  comes  into 
the  path  of  a  scanning  beam  of 
light  issuing  from  an  electric 
lamp. 

This  'lightbeam  is  swept  across 
the  width  of  the  skin  through  the 
slot.  As  the  beam  travels  along 
the  slot,  it  will  move  part  of  the 
distance  before  it  strikes  the  skin, 
then  cross  the  skin,  and  travel  the 
remainder  of  its  stroke  out  of  con¬ 
tact  with  the  leather.  These  opera¬ 
tions  are  repeated  on  the  return 
stroke.  Since  the  rate  of  move¬ 
ment  of  the  beam  and  the  rate  of 
feed  of  the  skin  are  known,  then 
when  the  total  time  interval  dur¬ 
ing  which  the  beam  is  on  the  skin 
is  found,  the  area  of  the  skin  can 
readily  be  calculated. 

Calculations  of  the  area  of  the 
skin  is  accomplished  electronically 
by  the  instrument  mounted  in  the 


Complot*  osMinbly  ol  th«  Stockton  aroo  calculotor.  Tho  bottom  cabinot  contoioi 
photooloctric  oquipmont  that  seems  thin  piocos  of  hide  trcrsoling  oror  o  slot.  Tbs  top 
cabinet  houses  an  electronic  calculator  that  counts  unit  areas  of  the  hide 
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Preferred  Flight  Companioi 

for  Both  Military  and 
Commercial  Aircraft 


Today’s  airplanes,  military  and  commercial,  fly  at 
amazingly  high  levels.  We  think  of  these  altitudes 
as  nothing  uncommon,  although  only  yesterday 
they  were  considered  abnormal.  But  they  were 
achieved  only  by  overcoming  tremendous  difficul¬ 
ties — some  of  them  dealing  with  radio  equipment. 

Take  vibrators,  for  instance.  When  a  ship  flies  in 
the  stratosphere,  the  effectiveness  of  electrical  insu¬ 
lation  is  so  reduced  that  vibrator  efficiency  may 
be  seriously  impaired,  if  not  completely  nullified. 
It  may  even  be  possible  for  the  electrical  contacts 
to  sustain  an  arc.  Mallory  solved  this  problem  with 
a  special  hermetically -sealed  vibrator. 

The  Mallory  vibrator  is  rendered  completely  air¬ 
tight  at  a  normal  atmospheric  pressure  of  14.7 
pounds  per  square  inch  after  the  hermetic  seal  has 
been  tested  under  20  pounds  of  pressure.  Regard¬ 
less  of  altitude  or  atmospheric  conditions,  it  func¬ 
tions  at  full  efficiencv. 


zero 


zero 

one 
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:uish 


For  Dependability  and  Efficiency — 

MALLORY  Vibrapack* 

Madr  by  the  uldettt  niaiiiifac. 
turer  of  commerrial  vibrator 
Ik  >  !  '  power  Biippliea,  the  V  ibrapack 

m  offers  the  most  de|>endable,  low 
M  cost  method  of  obtaining  high 
I*' M  voltage  direct  or  alternating  cur- 
rent  from  a  low  voltage  storage 
^  ‘  battery.  Consult  ns  about  your 

application  requirements. 

A  ^  '  *l'ibrn/mt  i  in  thr  rrfiitterrd  tradr- 

mark  of  P,  H.  Mallory  A  t>»., 

Inc.,  for  l  ihmlor  poMvr  supplim. 


If  you  manufacture  receivers  or  transmitters  for 
aircraft  use — or  any  other  battery-powered  equip¬ 
ment  subject  to  unusual  atmospheric  or  climatic 
stresses  —  complete  facts  about  Mallory  hermeti- 
callv -sealed  vibrators  will  interest  vou. 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


Buy  More 
War  Bondn 
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and  number  two  to  come  on.  This 
goes  on  until  ten  impulses  have 
been  received,  when  number  zero  is 
again  ready  to  operate. 

The  first  ring  of  tubes  is  the  unit 
ring.  Another  similar  ring  is  used 
for  a  count  of  tens,  another  for  a 
count  of  hundreds,  and  additions 
may  be  carried  out  as  far  as  de¬ 
sired.  Every  time  the  unit  ring  re¬ 
turns  to  zero,  one  count  is  regis¬ 
tered  on  the  tens  ring.  Every  ten 
counts  received  by  the  tens  ring 
causes  the  hundreds  ring  to  count 
one,  in  the  same  manner  as  the 
mileage  counter  of  an  automobile 
speedometer. 

The  operation  of  the  tens  ring  is 
only  one  tenth  as  fast  as  the  unit 
ring,  and  the  hundreds  ring  only 
one-one  hundredth  as  fast  as  the 
unit  ring. 

Many  uses  are  po.ssible  for  such 
an  electronic  high  speed  counter. 
For  example,  the  speed  of  missiles 
could  be  determined  to  one-four- 
teen-thousandth  of  a  second  by 
having  the  missile  pass  through 
two  loops  spaced  a  definite  distance 
apart.  One  loop  would  start  to 
count  pulses  from  a  fixed-frequency 
generator  at  a  predetermined  rate, 
the  second  loop  would  stop  the 
count  when  the  missile  passed 
through. 

Several  of  the  machines  were 
built  before  the  war  by  the  Stock- 
ton  Profile  Gauge  Corp.  of  Lowell, 
Mass.  One  is  now  in  use  for  the 
measurement  of  hides  areas  by 
a  large  hide  and  leather  company 
and  others  are  being  used  in  the 
hide  and  textile  industries  for 
measurement  of  pattern  layouts. 


Thm  photoelectric  recorder  that  hos  a  response  speed  of  five  cycles  per  second  is 
tested  by  D.  F.  Hang,  engineer  in  the  General  Engineering  Laboratory  of  General 
Electric.  Miniature  mirrors  and  lenses  ore  used  to  relay  the  impulses  being  recorded 


caused  by  traffic  or  machine  opera¬ 
tion.  In  studying  physiological  re¬ 
actions,  it  has  been  used  to  record 
a  person’s  pulse  beat  under  varying 
conditions. 

The  internal  parts  of  the  photo¬ 
electric  recorder  are  the  basic  meas¬ 
uring  element,’ the  optical  follow-up 
system,  the  electronic  power  sup¬ 
ply,  the  recording  element,  and  the 
chart  carriage.  These  physical  com¬ 
ponents  of  the  recorder  are  also 
separate  units  in  the  assembly.  The 
basic  element  is  the  only  measur¬ 


ing  device  in  the  recorder  and  its 
load  is  the  only  one  imposed  on  the 
input  circuit. 

The  functional  relation  of  the 
parts  of  the  photoelectric  recorder 
are  shown  in  the  mechanical  draw¬ 
ing.  The  shafts  of  the  recording 
and  measuring  elements,  each  car¬ 
rying  a  small  mirror,  are  on  the 
same  vertical  line.  The  lightbeam 
is  provided  by  the  small  incandes¬ 
cent  lamp,  the  light  from  which  is 
focused  by  the  pair  of  condensing 
lenses.  This  beam  is  reflected,  in 
turn,  by  the  basic  mirror,  the  spher¬ 
ical  mirror,  and  the  recording-ele¬ 
ment  mirror,  until  it  is  finally  di¬ 
vided  between  the  two  phototubes. 


High-Sensitivity 
Electronic  Recorder 

One-millionth  of  a  millionth  of  a 
watt  of  electrical  power  can  be  re¬ 
corded  full-scale  on  the  instrument 
shown  in  the  photograph.  It  oper¬ 
ates  by  the  use  of  phototubes  which 
respond  to  sensitive  impulses  re¬ 
layed  through  a  series  of  miniature 
mirrors  and  lenses. 

Applications  of  the  instrument 
include:  recording  changes  of  tem¬ 
perature,  pressure,  vibration,  flow 
rate  in  steam  boilers  and  turbines, 
measuring  carbon  monoxide  con¬ 
centration  in  vehicular  tunnels  and 
recording  vibrations  of  buildings 


Operation 

When  the  mirrors  of  the  record¬ 
ing  and  the  basic  elements  are 
parallel,  the  light  is  equally  divided 
between  the  two  phototubes,  and  no 
current  flows  to  the  recording-ele¬ 
ment  coil.  If  the  pen  is  slightly  to 
the  right  of  its  correct  position,  a 
greater  part  of  the  light  falls  on 
the  nearer  phototube.  This  causes 
a  current  to  flow  from  the  power 
supply  through  the  coil  in  a  direc¬ 
tion  that  moves  the  pen  to  the  left. 

Errors  are  reduced  to  negligible 
amounts,  because  the  function  of 


Circuit  of  tho  oloetronic  omplilior  sec¬ 
tion  of  tho  photooloctric  recorder 
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BY  GUARDIAN 


SiRIES  5  D.  C.  RELAY.  Maximum  switch' 
capacity — two  normally  opan,  two  nor¬ 
mally  closod,  or  DRDT  contacts.  Rosistonco 
rango  .01  up  to  15,000  ohms.  Sond  for 
bullotin  14. 


In  'th«  •loctronic  circuit  there  is  usually  a  sensitive  relay  similar 
to  Guardian  Series  5,  to  control  a  heavier  current  in  response  to 
the  weaker  "signal”  of  the  phototube.  In  some  applications, 
however,  the  current  to  be  handled  may  be  greater  than  the 
contact  capacity  of  the  sensitive  relay.  In  this  case  a  power 
relay  or  solenoid  contactor  is  controlled  by  the  sensitive  relay. 
Guardian  series  SC-5  is  typical  of  this  type  of  contactor. 


SERIES  SC-5  SOLENOID  CONTACTOR. 
Contactt  rated  at  7S.amp<.  continuaut, 
300  amps,  surge.  Contact  combinatian  — 
single  pole  single  or  double  throw.  Ceil 
operates  on  1S-2R  volts  D.  C.  and  con¬ 
sumes  7  watts  at  24  volts  D.C.  continuous. 
Send  for  bulletin  SC-5. 


Consult  Guardian  wherever  a  lube  is  used — however — Relays  by 
Guardian  are  NOT  limited  to  tube  applications  but  may  be  used  wher¬ 
ever  outomatic  control  is  desired  for  making,  breaking,  or  changing 
the  characteristics  of  electrical  circuits. 


GUARDIAN  eilELECTRIC 

1625-F  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 


_  CHICAGO  12,  ILLINOIS 
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larged  and  modern  calculator  was 
installed  at  the  Westinghouse  plant 
at  East  Pittsburgh.  Shown  in  the 
lh>hotograph  is  one  drawer  of  the 
unit  undergoing  a  final  test  for  ac¬ 
curacy.  The  complete  unit  is  the 
result  of  experience  gained  with  a 
board  installed  in  the  plant  in 
1929  and  incorporates  the  best  fea¬ 
tures  of  eight  similar  calculators 
built  since  that  time  for  central 
station  and  industrial  customers. 
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Electronics  in  TextUe  Plant 

In  one  southern  textile  plant,  it 
is  essential  that  the  doors  between 
the  weave  shed  and  the  warp-sizing 
room  be  closed  as  soon  as  possible 
after  opening  to  maintain  high 
humidity  and  temperature  condi¬ 
tions  within  the  weave  shed.  Dur¬ 
ing  ordinary  operations,  trucks  are 
almost  continuously  carrying  beams 
of  yam  between  the  two  rooms  and 
to  the  cloth  inspection  room.  With 
manual  operation  of  the  doors,  the 
condition  of  the  air  was  consider¬ 
ably  disturbed,  but  photoelectric 
relays  installed  at  the  approaches 
to  the  doors  now  y^rmit  automatic 
opening  and  closing  and  operation 
of  the  doors  and  help  maintain  es¬ 
sential  temperature  and  humidity 
conditions  in  the  weave  shed. 

Another  electronic  device  in  the 
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Mechanical  arrangement  oi  the  mirrors  and  phototubes  used  in  the  recorder.  Light 
reflected  bom  the  mirror  of  the  basic  measuring  element  controb  the  current  sup¬ 
plied  to  the  recor^g  element  * 


the  optical-balancing  system  de-  A-C  Network  Calculator 
pends  upon  division  of  the  light 
rays,  and  not  upon  the  light  in¬ 
tensity.  Also,  the  slightest  unbal¬ 
ance  causes  the  power  unit  to  give 
full  output  of  current.  Ttibe  char¬ 
acteristics  can  change  widely  with¬ 
out  affecting  the  final  result. 

The  electronic  circuit  of  the  Gen¬ 
eral  Electric  high-speed  recorder  is 
also  shown.  The  lower  6X6  recti¬ 
fier  tube  on  the  diagram  supplies  a 
constant  current  through  the  re¬ 
cording  element,  and  also  provides 
excitation  for  the  phototubes.  The 
two  phototubes  in  the  bridge-type 
circuit  control  the  grid  potential  of 
the  6SJ7  tube  according  to  the  light 
division  between  them.  This  light 
balance  controls  the  cathode  cur¬ 
rent  of  the  6V6  tube  which  flows 
through  the'  recording  element  and 
which,  at  balance,  is  equal  and  op¬ 
posite  to  the  steady  current  from 
the  rectifier. 

When  the  optical  system  is  un¬ 
balanced,  the  current  in  the  6V6 
tube  is  increased  or  decreased.  The 
resultant  current  passes  through 
the  recording  element  and  turns 
this  element  toward  the  balance 
point.  The  torque  available  is  suf¬ 
ficient  to  produce  a  full-scale  deflec¬ 
tion  of  the  recorder  pen  in  less  than 
1/10  sec. 


One  of  the  cbcuit  drawers  of  a  calculator  for  a-c  networks  b  checked  for  accuracy 
by  meaiu  of  o  special  bridge  and  on  oscilloscope 
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At  the  first  indication  of  lessened  demand  by 
the  Armed  Services,  IRC  will  be  in  an  excel¬ 
lent  position  to  immediately  supply  industry's 
requirements  for  resistors  of  all  types.  That  IRC 
units  will  be  available  in  ample  quantities  on  a 
favorable  price  basis  is  assured  because  we  have 
developed  and  are  operating  on  a  mass  produc¬ 
tion  basis  the  world’s  largest  resistor  plants. 

RESISTOR  PROBLEMS  WELCOME 

Feel  free  at  all  times  to  consult  with  us  on  your 
peacetime  product  design  plans  involving 
resistances.  You  can  be  certain  of  un-  ^ 

biased  engineering  counsel  and  secure  ^  * 
in  the  knowledge  that  the  subject  ^ 
matter  will  be  held  inviolate.  • 
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CHECK  THESE  FEATURES  OF  TYPE  BW  WIRE 
WOUND  RESISTORS 

1  •  Completely  insulated  wire  tvound  oj  standard 

I  am/  2  watt  sizes. 

2.  Resistance  values:  lA  watt— ‘from  .24  ohms  to 
800  ohms;  1  watt— from  .5  ohms  to  5000  ohms; 

2  watt— from  1.0  ohms  to  8000  ohms. 

3.  Have  wire  wound  stability  and  are  physically 
interchangeable  with  carbon  types. 

4.  Available  in  matched  pairs  to  1%  or  2% 

Jor  close-tolerance,  high-stability  applica¬ 
tions. 

Element  is  space  wound  with  cop- 
’  per-nickel  or  nichrome  bare  wire 
%  securely  crimped  and  molded 
.  integrally  with  leads. 
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same  plant  is  used  in  the  opening 
room  of  the  mill,  where  cotton  is 
removed  from  the  original  bale  and 
then  partially  cleaned  and  fluffed 
up  into  a  loose  condition  by  special 
machinery.  At  times  the  cotton  be¬ 
ing  fed  into  this  machine  accumu¬ 
lates  to  such  an  extent  that  it  over¬ 
flows  from  the  bin  onto  the  floor, 
making  it  necessary  for  someone 
to  replace  it  in  the  feeder  hopper. 

To  shut  down  the  feeding  machin¬ 
ery  automatically,  a  mercury  switch 
trips  when  the  cotton  in  the  bin 
reaches  a  predetermined  level.  At 
this  level,  however,  the  continuously 
rotating  cotton  in  the  bin  con¬ 
stantly  trips  the  switch.  This  means 
repeated  starting  and  stopping  of 
the  feeding  machinery  while  the  bin 
is  full. 

Supplementing  the  mercury 
switch  with  a  General-Electric  elec¬ 
tronic  time-delay  relay  solved  the 
problem.  Once  the  mercury  switch 
has  initiated  a  shut-down  period, 
the  relay  keeps  the  cotton-feeding 
equipment  ’  inoperative  for  a  pre¬ 
selected  period  of  time,  irrespective 
of  the  opening  and  closing  of  the 
mercury  switch.  After  the  time 
period  has  elapsed,  the  mercury 
switch  again  takes  over  to  start  the 
feeding  equipment. 


aiuce  that  historic  day  in  1899  when  an  electric 
impulse  was  transmitted  from  the  Marconi 
apparatus  aboard  an  English  lightship,  miracles 
have  been  performed  in,  and  with  radio  com¬ 
munication.  Contemporary  with  that  development 
and — indispensable  to  it— was  the  power  regu¬ 
lating  component — the  transformer. 


In  recent  development  Stancor  Transformers  have 
played  a  noteworthy  role,  and  this  experience  multi¬ 
plied  a  hundred-fold  by  the  intimate  association  with 
wartime  electronic  units,  will  be  a  rich  source  of  appeal 
when  industry  asks  for  improved  safety  and  control. 


River  Level  Recorded  by 
Radio 

Increases  in  the  levels  of  the 
Salt  and  Verde  rivers  near  Phoenix, 
Arizona,  are  recorded  in  a  central 
office  in  Phoenix  by  a  new  radio  re¬ 
mote  registering  system.  Gages 
installed  in  both  streams  automat¬ 
ically  send  radio  signals  from  25- 
watt  transmitters  to  the  office  of 
the  chief  hydrographer  of  the  Salt 
River  Valley  Water  Users’  Associa¬ 
tion. 

Previous  to  installation  of  the 
automatic  system  by  Leopold  and 
Stevens  Co.,  the  Phoenix  office  had 
to  depend  on  telephone  calls  from 
observers  on  the  two  streams.  Dur¬ 
ing  flood  seasons,  when  the  river 
level  data  was  most  needed,  the 
telephone  lines  were  inoperative  due 
to  weather  conditions.  So  far, 
storms  have  not  upset  the  radio 
system. 

The  transmitting  equipment  at 
each  station  is  powered  by  two  6- 
volt  storage  batteries,  one  of  130, 
and  the  other  160  ampere-hour  ca- 


STANOARD  TRANSFORMER  CORPORATION 
1500  NORTH  HALSTED  STREET  ■  CHICAGO 


Manufacturers  of  quality  transformers,  reactors, 
power  packs  and  allied  products  for  the 
electronic  industries. 
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_ in  Headphones 

It  is  logical  that  engineers,  long  trained  in  designing  micro¬ 
phones  for  transmitting  the  human  voice,  should  be  espe¬ 
cially  familiar  with  the  techniques  of  voice  reception. 

Headphone  design,  therefore,  is  a  natural  province  of  Shure  engineers. 
The  Shure  headphone  employs  a  unique  moving  armature  design  which 
combines  light  weight  with  sensitivity,  simplicity  and  reliability. 

In  headphones,  as  well  as  microphones,  you  may  continue 
to  look  to  Shure  for  leadership. 


SHURE  BROTHERS,  325  West  HwrMi  Street,  €Uca«e 

Detignera  and  Mant^facturers  of  Microphonea  and  Acouatic  Devices 
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pacity.  Vibrator  power  packs  sup¬ 
ply  both  a  telemark  coder  and 
transmitter. 

Coding  Device 

The  telemark  is  a  combination 
coding  device  and  time  switch.  The 
essential  parts  of  the  instrument 
are  several  disks  which  are  actuated 
by  a  float.  The  surface  of  each  disk 
is  divided  into  10  sectors  that  con¬ 
tain  ridges.  In  one  sector,  the  ridge 
is  broad — representing  zero.  The 
other  sectors  contain  narrow 
ridges,  the  number  of  each  repre¬ 
senting  the  digits  1,  2,  3  etc.  to  9. 
When  the  telemark  is  signalling,  a 
motor  driven  contact  arm  sweeps 
across  these  ridges  to  produce  sig¬ 
nals  which  represent  the  gage 
height  of  the  river  at  that  moment 

Before  the  contact  arm  passes 
over  the  gage  height  disks,  it 
travels  over  a  bar  located  in  the 
path  of  its  rotation.  This  bar  has 
the  station’s  call  letter  cut  into  its 
surface.  When  the  arm  contacts 
this  surface,  the  station's  identifi¬ 
cation  is  transmitted,  immediately 
followed  by  the  gage  height. 

The  time  of  broadcasts  is  prede¬ 
termined  and  controlled  by  a  time 
switch.  This  consists  of  a  weight- 
driven  clock  which  operates  a  series 
of  switches  that  turn  the  transmit¬ 
ter  and  telemark  on  and  off  every 
twelve  hours  below  a  certain  criti¬ 
cal  gage  height,  and  every  hour 
after  that  height  is  reached. 

The  receiving  equipment  consists 
of  the  receiving  antenna,  receiver 
and  recorder.  Both  receiving  and 
transmitting  antennas  were  erected 
with  their  axes  perpendicular  to 
the  direction  of  transmitting  and 
receiving. 

The  receiver,  a  nine  tube  set,  has 
no  adjustments  and  is  flxed-tuned 
to  the  transmitter  frequency.  Con¬ 
nection  to  the  radio  recorder  is 
made  by  means  of  rubber  covered 
cable  and  cable  plug  on  back  of  the 
receiver. 

Recorder 

The  radio  recorder  furnishes  a 
continuous  graphic  record  of  the 
flows  of  the  two  rivers.  It  functions 
automatically  when  actuated  by  the 
receiver  and  consists  of  several  in¬ 
struments  housed  in  a  cast  metal 
case  having  a  view  plate  in  the  top. 
A  Warren  telechron  clock  synchron¬ 
ized  to  the  “on"  time  of  the  trans- 
,  mitter  turns  on  the  receiver  every 


0.0001  *11111$  I*  11.11 


(Combining  both  Kelvin  and 
Wheatstone  bridges,  this  popular 
Shallcross  instrument  provides  a  re¬ 
sistance  measurement  remge  from 
0.0001  ohm  to  11.11  megohms  in  a 
single  portable  unit.  Widespread  use 
is  proving  it  unexcelled  for  laboratory 
and  school  work,  meuntenance,  many 
forms  of  production  line  testing,  field 
investigations — in  fact,  for  use  almost 
any  place  where  electrical  resistance 
is  measured. 

When  used,  as  a  Wheatstone  bridge 
for  measuremeiits  between  1  ohm  and 
1  megohm,  the  normal  accuracy  is 
better  them  0.3%.  Low  resistamce 
measurements  using  the  Kelvin  range 
utilize  current  and  potential  termincds 
to  eliminate  lead  euid  contact  resis- 
t2uice.  The  accuracy  of  Kelvin  meas¬ 
urements  is  normally  3%  or  better. 

Ask  for  details  on  Kelvin- Wheat¬ 
stone  Bridge  Type  638-2. 


Write  for  /iterature  on 
other 

ShaUeross  Instrvmmnts 
Megohmmeters 
Percent  Limit  Bridges 
High  Voltage  Instruments 
Kilovoltmeters 
Fault  Location  Bridges 
Low-Resistance  Test  Sets 
etc.,  etc. 
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AN  |s  ALL-METAL  CABINET 

PROTECTS  YOUR  EQUIPMENT 

★ 

Assemblies  for  any  required  size  or  style.., 
no  tooling,  trimming  or  welding  required 

Parts  for  Lindsay  Structure  all-metal  cabinets 
and  equipment  housings  are  pre-formed  to  your 
exact  specifications  and  delivered  to  you  complete 
and  ready  for  quick  assembly.  The  Ls  method  of 
construction  requires  no  tooling,  trimming,  weld¬ 
ing,  or  riveting;  uniform  tensioning  of  panels  uti¬ 
lizes  all  the  strength  of  the  light  steel  sheets  and 
provides  rigidity  for  maximum  protection  of 
delicate  equipment. 

Available  in  any  size  or  style,  Ls  units  are  neat, 
strong,  light  weight,  and  can  be  easily  insulated  to 
maintain  either  high  or  low  temperature.  Their 
strikingly  modern  machine-finished  appearance 
makes  them  ideal  for  housing  electrical,  radio,  and 
electronic  equipment. 

Ls  engineers  can  give  you  immediate  service  on 
your  pilot  jobs.  Send  your  blueprints  to  Lindsay 
and  Lindsay,  222-D  W.  Adams  St.,  Chicago  6,  III.;  or 
to  60  E.  42nd  St.,  New  York  17,  N.  Y. 


This  Linds&v  Structure  cabi- 
net  offers  ample  protection  for 
the  equipment,  yet  is  light  for 
easy  maneuverability. 


LINDSAT  STRUCTURE 

U.  S.  Patent,  2017629,  2263510,  2263511 
U.  S.  and  Foroign  Patent,  and  Patent,  Pending 
For  detoi'/,,  mo  Sweet',  Catalog  Fih 

IT  S-T-R-E-T-C-H-E-S  STE.E  L 
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Wherever  they  go— in  the  air,— on  land  or 
sea,— wherever  they  go  to  press  on  to  final  victory, 
transformers  made  by  Jefferson  Elearic  are  doing  their 
part  in  all  types  of  vital  radio,  communications,  signal  and 
deteaor  equipment. 

All  over  the  world,  reports  emphasize  the  value  of  Jefferson 
Electric  Transformer  dependability, — from  the  icy  Attu  to 
the  Equator— from  the  hot  moisture>laden  regions  to  the 
arid  desert  areas. 

Engineering,  designing,  research,  manufacture  of  all  com¬ 
ponents  are  under  one  control  to  insure  "quality”  with 
quantity. 

Let  us  know  your  particular  requirements.  Jefferson  Elec¬ 
tric  recommendations  and  suggestions  will  help  you  save 
time— and  the  transformers  furnished  whether  in  small  or 
large  quantities  will  be  alike  in  quality  and  performance . . . 
JEFFERSON  ELECTRIC  COMPANY,  Bellwood  (Suburb 
of  Chicago),  Illinois.  In  Canada:  Canadian  Jefferson  Elec¬ 
tric  Co.  Ltd.,  384  Pape  Ave.,  Toronto,  Ont. 


TRANSFORMERS 


hour  for  a  15-minute  period  to  re¬ 
ceive  signals,  if  the  transmitters 
are  broadcasting  additional  read¬ 
ings  other  than  the  12  hour  read¬ 
ings. 

A  roll  of  tape  is  mounted  on  the 
base  and  is  driven  by  a  small  mo¬ 
tor  from  the  supply  roll  to  a  take-up 
roll.  On  this  tape  is  recorded  the 
dots  and  dashes  of  an  incoming 
signal  from  one  of  the  river  sta- 


Typicol  recording  of  th«  height  oi  a 
riT*r  as  Mnt  and  received  onto- 
motically  by  radio.  Two  eete  of  slgaoli 
are  tronemitted  to  insure  reception  dur¬ 
ing  static  intervals 


tions.  At  the  beginning  of  a  signal, 
the  tape  is  started  and  continues 
to  run  for  about  li  minutes,  suffi¬ 
cient  time  to  register  one  set  of 
signals.  Succeeding  sets  of  signals 
start  the  paper  anew. 

A  capillary  pen,  attached  to  a 
magnetic  coil  and  resting  on  the 
moving  tape,  records  each  incoming 
signal.  When  the  transmission  is 
complete,  the  call  letters  appear  in 
Morse  Code  and  the  gage  heights 
are  recorded  on  the  tape. 

Another  mechanism  stamps  the 
year,  month,  date  and  exact  time 
of  the  recorded  gage  height,  one 
for  each  signal.  Two  sets  of  signals 
are  received  from  each  station.  Al¬ 
though  one  or  the  other  signal  may 
be  faulty  during  electrical  inter¬ 
ference,  a  study  of  both  signals 
will  produce  one  complete  signal. 


Electronic  Bottle  Inspection 


By  S.  R.  Winters 


Phototubes  have  been  used  for 
several  years  for  the  detection  of 
foreign  ingredients  in  the  bottling 
of  soft  drinks.  Machines  for  this 
use  in  one  plant  have  contained  a 
photocell  that  traveled  in  synchron¬ 
ized  relationship  with  a  rotating 
bottle  during  inspection  and  was 
returned  to  its  starting  position  by 
means  of  a  cam  arrangement.  Thus 
the  bottles  were  inspected  one  at  a 
time,  a  process  that  slowed  down 
the  inspection  operation. 

A  modified  and  faster  system  that 
contains  a  number  of  photocells 
mounted  on  a  roller  chain  has  been 
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Photocells  I 

i 

Continuous  inspection  oi  boTorage  bot- 
tlos  is  obtednod  by  boring  tbo  boMlos 
trorsl  through  a  ligbtboom  in  step  with 
moring  photocells 

comes  aligned  with  a  photocell  the 
beam  of  light  from  the  lamp  passes 
through  the  whirling  contents  of 
the  bottle  and  onto  the  cell.  If  the 
beam  is  interrupted  by  a  foreign 
particle  in  the  bottle,  this  change  is 
registered  by  the  cell.  The  impulse 
is  amplified  by  electronic  means 
and  caused  to  reject  the  objection¬ 
able  container. 

In  the  first  electronic  setup  it 
was  necessary  to  wait  for  the  opti¬ 
cal  system  to  return  to  its  original 
position  before  starting  inspection 
of  another  bottle.  In  the  modified 
arrangement  the  photocell  literally 
meets  the  bottle  on  the  threshold 
of  operations.  The  number  of  pho¬ 
tocells  on  the  roller  chain,  and  the 
manner  of  their  travel,  is  such  as  to 
eliminate  the  former  time  lag  and 
thus  speed  inspection. 


designed  for  the  Coca-Ck)la  Co.  of 
Wilmington,  Del.  by  George  P. 
Stout.  The  mechanical  features  of 
the  system  are  shown  in  the  draw¬ 
ing. 

The  roller  chain  carrying  the 
photocells  is  driven  by  teeth  posi¬ 
tioned  around  the  outside  edge  of 
the  revolving  turret  carrying  the 
bottles.  As  the  turret  revolves,  the 
teeth  engage  the  roller  chain  so 
that  bottles  adjacent  to  the  teeth 
travel  in  synchronized  relationship 
with  individual  photocells  for  the 
necessary  interval  during  the  in¬ 
spection  period.  When  a  bottle  be- 

Conveyor  ! 
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INSPECTION 


In  small'pcirf  production 
where  accuracy  is  vital 
the 


HATHAWAY  ELECTRONIC 
COMPARTOR 


is  the  finest  available 
instrument  for  checking 
mechanical  dimensions  to 
very  close  tolerances.  No 
special  skills  are  required 
of  the  operator.  The  Dial 
swings  left  for  under'Size 
— right  for  oversize.  Ah- 
solutely  dependable  in- 
spection;  eye-level  read¬ 
ing. 

The  great  sensitivity  and 
,  accuracy  of  this  Comoar- 
ator  allows  speedy  mag¬ 
nification  adjustment  va¬ 
riations  at  will,  over  wide 
limits.  From  thousandths 
to  millionths  by  simple 
electric  control.  Readily 
operated  from  any  115- 
volt  60  -  cycle  socket.  It 
maintains  its  calibrations 
and  zero  over  long  peri¬ 
ods.  Unusually  flexible— 
is  adaptable  to  multiple- 
gage  fixtures  for  simulta' 
neous  measurements.  0  to 
6"  for  external  dimen¬ 
sions.  Get  complete  infor¬ 
mation.  Hathaway  In¬ 
strument  Co.,  Denver  10, 
Colorado. 


LONG  LIFE  ASSURED 
No  moving  parts  to  wear 


Conutant-Impedance  Control 

By  James  C.  Coe 

For  reasons  of  space  and  mainte¬ 
nance,  it  is  often  desirable  to  re 
duce  the  number  of  variable  re¬ 
sistor  units  used  for  attenuation  to 
a  minimum.  By  using  two  variable 
resistors  and  one  fixed  resistor,  the 
insertion  loss  can  be  made  low  with 
only  minor  variations  of  impedance 
to  the  source.  When  this  is  done,  the 
impedance  looking  back  from  the 
load  need  not  vary  through  such 
extremes  as  with  an  L  pad  of  the 
conventional  type. 

At  A  of  the  figure,  Rt  can  be  a 
higher  value  than  the  load  in  order 
to  reduce  the  insertion  loss.  The 
higher  it  is,  the  less  the  insertion 
loss,  but  at  the  mid-point  of  the 
control  the  impedance  presented  by 
the  resistor  and  load  combination 
will  be  higher  than  at  the  end 
points. 

For  example  with  equal  to  the 
load  impedance,  Rt  sixteen  times, 
and  Rn  eight  times  the  load  imped¬ 
ance,  the  entire  combination  of  re¬ 
sistors  and  load  presents  an  imped¬ 
ance  of  approximately  twice  the 
end  values  when  the  variable  arms 
to  Rt  and  Rt  are  at  the  mid-point 
As  only  26  percent  of  the  available 
voltage  is  across  the  load  at  this 
point,  it  is  apparent  that  a  taper 
results  from  the  use  of  linear  re¬ 
sistors. 


tically  constant  impsdoneo  with  a  siini- 
mxun  of  rssistcmeo  compononts 

With  linear  resistors  the  degree 
of  the  taper  can  be  changed  through 
a  wide  range  by  choice  of  resistor 
values.  This  is  an  advantage  from 
a  manufacturing  standpoint,  how¬ 
ever,  since  by  using  tapered  re¬ 
sistors  an  even  greater  range  of 
tapers  is  available  to  the  designer. 
By  changing  the  value  of  the  fixed 
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•  The  RCA  76-B2  Consolette,  finest, 
most  complete  studio  equipment  of  its 
type.  Handles  two  studios  and  announce 
booth.  Quality  equal  to  custom-built 
installations. 


(BELOW)  Master  control  room  of  WFBR,  Baltimore.  RCA  custom-built  studio  equipments,  such  as  that 
shown  here,  are  unapproached  either  in  utility,  convenience  or  performance.  They  are  made  up  to  suit  the 
requirements  of  the  individual  station  exactly — and  yet,  because  they  are  assembled  largely  from  standard 
umts,  they  often  cost  no  more  than  much  inferior  and  decidedly  less  convenient  equipments.  All  RCA  units 
such  as  amplifiers,  racks  and  control  panel  are,  of  course,  also  available  separately. 
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In  small-part  production 
where  accuracy  is  vital 
the 

HATHAWAY  ELECTRONIC 
COMPARTOR 

is  the  finest  available 
instrument  for  checking 
mechanical  dimensions  to 
very  close  tolerances.  No 
special  skills  are  required 
of  the  operator.  The  Dial 
swings  left  for  under'size 
—•right  for  oversize.  Ab¬ 
solutely  dependable  in¬ 
spection;  eye-level  read¬ 
ing. 


The  great  sensitivity  and 
accuracy  of  this  Comoar- 
ator  allows  speedy  mag¬ 
nification  adjustment  va¬ 
riations  at  w'ill,  over  w  ide 
limits.  From  thousandths 
to  millionths  by  simple 
electric  control.  Readily 
operated  from  any  115- 
volt  60  -  cycle  socket.  It 
maintains  its  calibrations 
and  zero  over  long  peri¬ 
ods.  Unusually  flexible— 
is  adaptable  to  multiple- 
gage  fixtures  for  simulta¬ 
neous  measurements.  0  to 
6"  for  external  dimen¬ 
sions.  Get  complete  infor¬ 
mation.  Hathaway  In¬ 
strument  Co.,  Denver  10, 
Colorado. 


LONG  LIFE  ASSURED 
No  moving  parts  to  wear 


With  linear  resistors  the  degree 
of  the  taper  can  be  changed  through 
a  wide  range  by  choice  of  resistor 
values.  This  is  an  advantage  from 
a  manufacturing  standpoint,  how¬ 
ever,  since  by  using  tapered  re¬ 
sistors  an  even  greater  range  of 
tapers  is  available  to  the  designer. 
By  changing  the  value  of  the  fixed 
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Constant-Impedaiice  Control 

By  James  C.  Coe 

For  reasons  of  space  and  mainte¬ 
nance,  it  is  often  desirable  to  re 
duce  the  number  of  variable  re¬ 
sistor  units  used  for  attenuation  to 
a  minimum.  By  using  two  variable 
resistors  and  one  fixed  resistor,  the 
insertion  loss  can  be  made  low  with 
only  minor  variations  of  impedance 
to  the  source.  When  this  is  done,  the 
impedance  looking  back  from  the 
load  need  not  vary  through  such 
extremes  as  with  an  L  pad  of  the 
conventional  type. 

At  A  of  the  figure,  /2*  can  be  a 
higher  value  than  the  load  in  order 
to  reduce  the  insertion  loss.  The 
higher  it  is,  the  less  the  insertion 
loss,  but  at  the  mid-point  of  the 
control  the  impedance  presented  by 
the  resistor  and  load  combination 
will  be  higher  than  at  the  end 
points. 

For  example  with  R,  equal  to  the 
load  impedance,  R,  sixteen  times, 
and  Rt  eight  times  the  load  imped¬ 
ance,  the  entire  combination  of  re¬ 
sistors  and  load  presents  an  imped¬ 
ance  of  approximately  twice  the 
end  values  when  the  variable  arms 
to  Ri  and  R,  are  at  the  mid-point 
As  only  26  percent  of  the  available 
voltage  is  across  the  load  at  this 
point,  it  is  apparent  that  a  taper 
results  from  the  use  of  linear  re¬ 
sistors. 


Lo€te/  ^ 
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•  The  RCA  76-B2  Consolette,  finest, 
moet  complete  studio  equipment  of  its 
type.  Handles  two  studios  and  announce 
booth.  Quality  equal  to  custom-built 
installations. 


% 


I 


(BELOW)  Master  control  room  of  WFBR,  Baltimore.  RCA  custom-built  studio  equipments,  such  as  that 
shown  here,  are  unapproached  either  in  utility,  convenience  or  performance.  They  are  made  up  to  suit  the 
requirements  of  the  individual  station  exactly — and  yet,  because  they  are  assembled  largely  from  standard 
units,  they  often  cost  no  more  than  much  inferior  and  decidedly  less  convenient  equipments.  All  RCA  units 
such  as  amplifiers,  racks  and  ccmtrol  panel  are,  of  course,  also  available  separately. 
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TAKING  THI  OUT  OF  BOM.O  BAY  DOORS 


The  HOLTZER-CABOT  ELECTRIC  COMPANY 

Designers  and  Builders  of  Special  Fractional  HP  Motors  and  Electrical  Apparatus 

ITS  Amory  Str««t,  Boston  19,  Moss.;  Chicago,  Illinois;  Now  York,  N.  Y.;  FhUodolphio,  Fa« 


Bomb  bay  doors  must  open  quickly  and  smoothly  without  jarring  .  . 
and  dose  without  slamming.  Holtzer-Cabot  designed  a  special  gear  motor 
to  meet  these  performance  requirements  which  is,  today,  helping 
bombardiers  blast  the  enemy. 

Many  other  Holtzer>Cahot  special  fractional  HP  motors  are 
providing  power  for  war  products  so  that  victory  will  come  sooner. 

’  Our  motor  development  engineers,  backed  by 
over  50  years  of  experience  in  electric 
motor  design,  will  discuss  your  post-war 
motor  problems  with  you.  However, 
war  needs  come  first  anti  our  manufactur¬ 
ing  facilities,  today,  must  be  strictly  lim¬ 
ited  to  building  special  motors  for  winning  the 
war  as  quickly  as  possible. 
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ff  you  work  with  pulses  in 
any  form,  could  you  use  a 
pulse  generator?  A  wartime 
development  is  now  availa¬ 
ble  on  priority  or  directive 
orders. 


ni  i  II 

PULSE  GENERATOR  = 


SPECIFICATIONS: 

Pulse  Characteristics.  D.C.  pulses,  positive  or 
negative,  suitable  for  many  direct  engineering  meas¬ 
urements  and  observations,  and  for  pulse  modulating 
an  R.  F.  signal  generator. 

Pulse  Duration.  Continuously  adjustable  (direct 
dial  calibration)  from  0.4  to  14.0  micro-seconds. 

Pulse  Amplitude.  Continuously  adjustable  (at¬ 
tenuator)  from  0.03  to  20.0  volts. 

Repetition  Rate.  Two  rates,  500  and  5000  per 
second,  on  an  internal  oscillator,  50  to  20,000  per 
second  with  external  audio  oscillator. 

Pulse  Form.  The  leading  and  trailing  edges  of  the 
pulse  each  consume  about  0.15  micro-seconds. 

Output  Impedance.  100  ohm  termination  on  3 
foot  cable. 

Other  Features.  Sine  sweep  and  expanded  sweep 
voltages  available  for  oscilloscopes.  Synchronizing 
pulses  for  oscilloscopes  with  slave  sweeps.  Marker 
circuit  for  calibration  check.  For  115-125  volts  60 
cycle  supply. 

Price.  $800.  complete,  FOB  Buffalo,  N.  Y. 

(Exclusive  of  Sales  and  Use  taxes.) 


For  Full  Information,  Write  for  Bulletin  No.  700-A, 


COLONIAL  RADIO  CORPORATION 

BUFFALO  7,  N.  Y. 


i  resistor  Rt,  the  taper  of  the  com¬ 
bination  can  be  easily  altered. 

Where  infinite  attenuation  is  not 
required,  the  circuit  shown  at  B 
:  can  be  used.  With  the  same  resis¬ 
tance  values  as  above,  the  greatest 
variation  of  impedance  is  approxi¬ 
mately  66  percent  more  than  at  the 
end  points  of  control.  With  these 
values  46  percent  of  the  available 
voltage  appears  across  the  load 
when  the  contact  arms  are  at  the 
mid-resistance  point.  While  the 
value  of  Rt  can  be  reduced  to  obtain 
less  impedance  variation,  Rt  cannot 
be  changed  without  affecting  the 
maximum  attenuation  possible. 

Of  all  the  combinations  of  two 
j  variable  resistors  and  one  fixed  re¬ 
sistor,  it  is  believed  that  these  offer 
most  promise. 

•  •  • 

Speed  Meter  for 
I  Camera  Shutters 

By  C.  J.  Penther 

An  electronic  instrument  for 
measuring  the  effective  speed,  not 
I  the  total  open  time,  of  a  camera 
shutter  is  shown  in  the  photograph. 
The  unit  forms, a  simple  compact 
device  suitable  for  counter  use  in 
I  camera  stores. 

i  The  circuit  of  the  shutter  speed 
’  meter  (called  a  shutter  Speedom¬ 
eter)  is  given  in  the  diagram.  A 
phototube  is  connected  to  produce  a 
current  that  is  proportional  to  the 
light  intensity  reaching  it  through 
the  camera  lens  and  shutter.  The 
phototube  is  in  series  with  a  ca¬ 
pacitor  and  a  direct  voltage  source 
so  that  the  total  charge  accumu¬ 
lated  by  the  capacitor  will  be  di¬ 
rectly  proportional  to  the  actual  ex¬ 
posure,  regardless  of  the  variation 
of  intensity  during  the  open  period 
of  the  shutter. 

Operation 

I 

The  voltage  across  the  capacitor 
is  measured  with  a  vacuum-tube 
voltmeter  having  a  meter  scale 
which  is  marked  to  read  shutter 
speed  directly  in  reciprocal-sec¬ 
onds.  Calibration  is  obtained  by 
marking  the  scale  in  terms  of  the 
full-scale  deflection  obtained  with 
constant  light  intensity.  The  meter 
reading  then  will  be  the  ratio  of 
the  voltage  built  up  in  the  capac¬ 
itor  during  measurement,  to  the 
standardizing  voltage  during  cali¬ 
bration.  These  voltages  are,  re- 
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m  that  may  suggest  short  cuts  on  your  circuits 
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VACUUM  OR  ELEC- 


Simplified  circuit  of 
ELECTRONIC  PHOTOLIGHT 
for  superspeed  photography 


3 

ON-OFF 

SWITCH 


RECTIFIED 


IN  THREE  SECONDS  this  small  Pyranol  capacitor 

accumulates  enough  energy  to  discharge  4,000,000  watts 
in  four  millionths  of  a  second  through  a  mercury  lamp, 
producing  a  flash  one-fifth  as  bright  as  the  sun’s  surface. 

FEATURES  THAT  MAKE  IT  EASY  FOR  YOU 
TO  DESIGN  WITH  PYRANOL  CAPACITORS 

COMPACTNESS — High  capacitance  per  cubic  inch,  because  of 
the  unusual  dielectric  properties  of  Pyranol. t 

SPACE-SAVING  SHAPES — Many  of  the  ratings  are  available  in 
oval,  cylindrical,  or  rectangular  cases  to  make  your  design 
problems  easier. 

CONVENIENCE — They  will  work  equally  well  mounted  in  any 
position. 

DEPENDABILITY — Hermetically  sealed  for  permanence  and 
uniformity  of  characteristics. 

They  have  long  life  because  of  the  superior  materials  used, 
supervised  manufacture,  and  individual  testing.  Write  for  our 
time-saving  catalogs  on  a-c  (GEA-2027)  or  d-c  (GEA-2621)  types. 
They  cover  our  complete  line.  General  Electric  Company, 
Schenectady,  N.  Y. 

fFyrmnol  is  the  G-E  trade  name  for  askarel,  the  tyrdhetic,  nonin/lammable  liquid  used 
in  treatirrg  G-E  capacitors. 


GENERAL  «  ELECTRIC 


electronics  — Moy  t944 


a 


I 


spectively,  e  =  Q/C  and  E  =  IR, 
from  which  the  effective  exposure 
time  is  found  to  be  proportional  to 
RCe/E. 

The  instrument  is  standardized 
by  adjusting  the  intensity  of  the 
light  source  for  full-scale  deflection 
with  the  shutter  held  open.  Next 
the  shutter  is  closed,  and  C  com¬ 
pletely  discharged  through  R.  The 
pushbutton  is  now  depressed,  dis¬ 
connecting  R,  and  the  shutter 
operated.  The  meter  then  reads  the 
voltage  to  which  C  has  been  charged 
and  directly  indicates  the  shutter 
speed.  Releasing  the  pushbutton 
discharges  C  and  restores  the  meter 
to  zero  reading  for  the  next  test. 


Design 

It  is  desirable  to  use  a  meter  cap¬ 
able  of  full-scale  deflection  between 
0.2  V  and  4.0  v  for  the  negative 
charging  voltage  of  50  v  in  this 
circuit,  thereby  confining  the  use¬ 
ful  operating  characteristic  of 
charge  vs  time  to  a  practical  region 
of  linearity,  excluding  the  true  ex¬ 
ponential  portion  of  the  capacitor 
charging  characteristic.  The  cir¬ 
cuit  shown  in  the  'diagram  will 
cover  a  range  between  1 /5000th  and 
2.0  seconds. 


with  the  tHUU  If/lUlU  HEI^ElWEn 

at  Pan  American  World  Airways'  Marine  Terminal 

At  La  Guardia  air  base  .  .  .  Clippers  coining  and  going  .  .  .  wartime 
traffic  demanding  safety  of  important  personnel  and  precious  cargo.^ 
Naturally,  communications  equipment  must  be  right  .  .  .  unfailing  in 
performance.  For  in  fair  weather  and  foul,  sharp  selectivity  of  radio 
reception  is  vitally  essential.  And  with  the  ERCO  Radio  Receiver  at 
hand  it  is  "plane  talk”  always  between  pilots  and  Terminal  control 
tower.  Yes,  PAA  men  know  that  they  can  depend  upon  the  effectiveness 
and  reliability  of  ERCO  radio  equipment.  That  is  why  ERCO  Receivers 
serve  Pan  American  Airways’  Bases  everywhere. 

And  just  as  Pan  American  looks  to  ERCO  for  creative  engineering  and 
high  standards  of  manufacture,  so  do  many  other  prominent  organiza¬ 
tions  which  demand  only  the  finest  in  radio  equipment. 

We  welcome  the  opportunity  to  help  solve  your  present  or  postwar 
problems. 


Shuttw  spewd  meter  used  to  check  tim¬ 
ing  oi  a  miniature  comera.  The  inten¬ 
sity  control,  meter-ronge  switch  and 
calibrcrtlon  pushbutton  are  on  the 
panel.  Exposure  tone  is  read  directly 
on  the  meter  scale 


It  is  also  possible  to  select  ranges 
by  switching  different  values  of  re¬ 
sistors  instead  of  capacitors.  Al¬ 
though  this  is  advantageous  in 
some  cases,  the  latter  case  permits 
one  calibration  setting  for  all 
ranges. 

The  input  current  to  the  volt- 


ERCO  RADIO  LABORATORIES 


HEMPSTEAD,  NEW  YORK 

Manufaefurert  of  CUSTOM  BUILT  RADIO  APPARATUS 
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meter  circuit  is  10'“  amp.  With  the 
circuit  values  shown,  this  will  pro¬ 
duce  in  2.0  seconds  approximately 
a  0.1  percent  loss  of  charge  from  a 
1/1000-second  exposure.  The  meter 
needle  therefore  holds  its  maxi¬ 
mum  position  amply  long  for  a 
reading.  Careful  balance,  generous 
feedback,  and  a  voltage  regulator 
tube  afford  all  the  stability  in  re¬ 
spect  to  line  voltage  fluctuations 
that  could  be  desired. 

It  is  interesting  to  note  that  the 
normal  4-percent  120-cps  modula¬ 
tion  of  light  intensity  obtained 


Rising  preference  for  ACRO 
snap-action  switches  is  due  to  the  amazing  per¬ 
formance  of  the  patented  Rolling  Spring — the 
heart  of  the  switch.  One  spring  actually  triggers 
the  other— giving  quicker  contact  break,  firmer 
contact  pressure  and  eliminating  friction.  Open 
blade  switch.  In  single  pole  or  2  pole.  Is  rated 
15  amps  on  115  volts  A.C.,  or  ZVa  amps  on  230 
volts.  Made  normally  open,  normally  closed  or 
double  throw.  Approximately  3''  long  and  Va''  to 
1“  widths.  Approved  by  the  U.  S.  Army  Air  Forces 
and  used  on  all  types  of  war  equipment.  If  your 
future  production  is  not  yet  planned  for  ACRO 
switches,  write  us  details  of  your  particular 
needs  new. 


Circuit  of  oloctronic  componoats  in  th* 
ihuttor  spood  motor.  Tho  pbototubo  la 
aetuotod  by  light  from  a  amoU  apol- 
light  poaaing  through  tho  comora  ahnt- 
tor  <md  Iona.  A  conoontional  powar 
aupply  ia  naod  to  proTldo  Iho  B 
Toltogo 


with  a  tungsten  lamp  on  60-cps  a.c. 
produced  no  appreciable  error  in 
respect  to  readings  taken  with  d.c. 
connected  to  the  lamp. 

The  Shutter  Speedometer  intro¬ 
duces  to  the  field  of  photography  a 
simple,  inexpensive  instrument  for 
measuring  shutter  speeds  easily 
and  accurately  (in  daylight)  on  all 
types  of  cameras  as  fast  as  the 
shutter  can  be  operated.  It  can  also 
be  used  to  set  flash  bulb  synchron¬ 
izers  by  arranging  the  bulb  to  send 
its  light  through  the  lens  and  set¬ 
ting  the  synchronizer  to  obtain  max¬ 
imum  deflection  on  the  timer. 
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BREEZE  RADIO  IGNITION  SHIELDING 


ERI^RZIE 


Ov«r  Africa  recanHy  a  flight  of  American  bombers  on  their 
way  to  a  target  received  radio  instructions  to  change  course 
and  attack  a  different  objective.  Because  of  the  clarity  of  re¬ 
ception,  an  alert  operator  was  able  to  take  a  bearing  on  the 
signal-r-only  to  find  that  it  was  coming  from  the  enemy.  A  calf 
back  to  base  brought  out  our  fighters,  who  proceeded  to  the 
false  target  and  destroyed  thirty  out  of  forty-five  Messerschmitts 
which  were  lying  in  ambush  for  the  flight  of  American  bombers. 


friend  or 


Perfect  and  undistorted  reception 
and  transmission  of  signals  made 
possible  the  victory  related  above. 
Breeze  •  Radio  Ignition  Shielding, 
which  effectively  guards  against  the 
radiation  or  absorption  of  radio¬ 
frequency  interference,  maintains  a 
dependable  “quiet  zone”  for  static- 
free  communication. 

Pioneers  in  developing  Radio  Igni¬ 


tion  Shielding,  Breeze  has  designed 
and  produced  shielding  harnesses  for 
hundreds  of  types  of  aircraft,  marine, 
and  automotive  engines.  This  equip¬ 
ment,  now  being  produced  in  ever- 
increasing  quantities,  supplements 
the  many  other  items  of  the  well- 
known  Breeze  line  of  accessories  for 
America’s  fighting  units  of  land,  sea, 
and  air. 


Brstz*  Radio  Ignition 
Skialding  it  anginaarad  to 
datignart*  tpacial  raquira- 
mants.  Look  to  Braaza  for 
tha  solution  to  your  thiald- 
ing  problamt. 
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WORLD  FAMOUS 
OSCILLOSCOPES  by 


oilHDIir 


Use  Capacitors  by 

INDUSTRIAL  CONDENSER 
CORP. 


Capacitor. 

aeope.  are  cpecian,  ae.i.nea,  en^ineerea 

.„a  otanoiactorea  For  uoo.ua.  perFor.- 
aoce  uuaer  aiFucuU  operating  eona.uon.. 


PAPER,  OIL  AND  ELECTROLYTIC  CAPACITORS 

INDUSTRIAL 

CONDENSER 

CORPORATION 

1725  W.  NORTH  AVE.,  CHICAGO  22,  U.  S.  A. 


Fluxmeter  Uses  Lightbeam 

A  NEW  FLUXMETER,  applicable  wher¬ 
ever  permanent  magnets  or  d-c 
electromagnets  are  used,  is  similar 
to  a  lightbeam  galvanometer  and 
has  a  suspension-type  element.  It 
uses  search  coils,  which  may  be 
made  by  the  user,  to  provide  a 
ready  means  of  handling  a  wide 
variety  of  magnetic  measurements. 

The  fluxmeter  principle  has  been 
recognized  for  a  long  time  as  hav¬ 
ing  definite  advantages  for  certain 
magnetic  measurements.  Ideal  per¬ 
formance  has  been  difficult  to  ob¬ 
tain  since  previous  designs  have 
been  limited  to  low  sensitivity, 
pivot  friction  or  fragility,  factors 
that  make  industrial  applications 
difficult. 

The  principle  of  operation  of  the 
fluxmeter  is  illustrated  in  the  dia¬ 
gram.  When  magnet  M  is  moved 
with  respect  to  search  coil  S,  a 
change  of  flux  linkages  occurs  and 
a  voltage  is  induced  in  the  search 
coil.  Current  flows  in  the  circuit 


uma  MO 
tiwaciMiON  mtTH 
HO  tmctivc 
CONTHOk  rOHOUf 
(aocoh^imb  0* 


DISTRICT  OFFICES  -  IN  PRINCIPAL  CITIES 
QUICK  DELIVERY  FROM  DISTRIBUTORS  STOCKS 


Th«  circuit  oi  a  almpl*  iluxmuter  Ulus- 
trotss  ill*  principU  of  oporotion 

and  the  fluxmeter  moving  coil,  sus¬ 
pended  in  a  strong  magnetic  field, 
begins  to  rotate  at  high  speed,  just 
as  though  it  were  a  d-c  motor.  The 
rotation  develops  counted  emf  that 
tends  to  reduce  the  current  in  the 
circuit  to  zero.  The  tendency, 
therefore,  is  for  the  fluxmeter  coil 
to  always  follow  the  flux  change  in 
the  search  coil.  The  suspension 
exercises  no  effective  control  torque, 
hence  there  is  no  tendency  for  the 
coil  to  return  to  any  definite  scale 
position  and  the  reading  is  main¬ 
tained  until  returned  to  zero. 

Unlike  conventional  permanent 
magnet  moving-coil  instruments,  a 
fluxmeter  has  no  spring  to  provide 
countertorque.  Hence,  an  ideal 
fluxmeter  would  act  like  a  micro¬ 
voltmeter  of  infinite  sensitivity. 
Practically,  this  means  that  any 
small  spurious  voltages  in  the  cir¬ 
cuit  will  tend  to  cause  a  continuous 
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Here  is  the  most  simple,  accurate  and  convenient  device 
you  can  imagine  for  checking  static  or  dynamic  design 
stresses  against  service  stresses  in  complex  structures 
and  machines. 

Some  types  of  SR-4  gages  are  as  small  as  your  little 
fingernail.  They  can  be  installed  any  place  you  can 
reach  to  cement  them  down  on  plane  or  m^erately 
curved  surfaces.  They  measure  strains  to  one  part  in  two 
million,  statically,  and  to  nearly  as  small  a  value  dynami¬ 
cally.  They  respond  without  loss  of  linearity  from  zero 
cycles  per  sec  to  more  than  30,000.  Cost  is  low,  so  units 
can  be  installed  in  quantity  in  large  structures. 

The  list  shows  some  of  the  many  fields  where  engineers 
are  using  SR-4  Strain  Gages.  Your  own  ingenuity  will 
suggest  where  they  can  serve  you.  The  Baldwin  Loco¬ 
motive  Works,  Baldwin  Southwark  Division,  Hiila- 
delphia,  Penna.,  U.  S.  A. 
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SR-4— Strain  Recorder . . .  Bulletin  170 

SR-4— Portable  Strain  Indicator . . .  Bulletin  169 

SR-4 — Scanning  Recording  Equipment . . .  Bulletin  172 

SR-4— Torquemeter ...  Bulletin  165 

SR-4— Applications . . .  Bulletin  171 

SR-4— Applications  to  Shipyard  Problems . . .  Bulletin  174 

SR-4— Bonded  Resistance  Wire  Strain  Gage... Bulletin  175 
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motion  or  “drift”  of  the  fluxmeter 
coil.  The  purpose  of  the  control 
box  is  to  introduce  an  opposing 
voltage  to  compensate  for  these 
spurious  voltages. 

Since  the  fluxmeter  coil  always 
tries  to  generate  a  voltage  to  reduce 
the  current  flowing  in  the  circuit  to 
zero,  IR  drop  in  the  circuit  becomes 
of  little  consequence  and  doubling 
the  resistance  of  the  search  coil 
will  produce  practically  no  effect  on 
the  fluxmeter  deflection.  It  will, 
however,  tend  to  increase  the  “drift 
rate”  of  the  light  beam. 

The  instrument,  recently  an¬ 
nounced  by  General  Electric’s 
Meter  Division,  is  shown  in  the 
photograph  with  its  control  box. 


ACTUAL 

SIZE 


Developed  tor  Important 
War  Application— Ideal  for 
Peacetime  F.M.  and  Television 

High  Frequency  applications  have  a  way 
of  throwing  existing  component  designs 
into  the  disczird.  Short,  heavy  leads,  low 
series  induct^ulce,  and  other  design  factors 
assume  greater  importance. 

Elrie  Resistor  had  already  had  considerable 
experience  in  designing  tubular  and  disc  ce¬ 
ramic  capacitors,  and  button  type  silver  mica 
condensers  for  V.H.F.  and  U.H.F.  equipment. 
Thus,  when  engineers  from  one  of  the  coun¬ 
try's  foremost  research  and  development  lab¬ 
oratories  came  to  Erie  Resistor  with  a  new 
capacitor  design  problem,  the  answer  was 
quickly  forthcoming,  in  the  form  of  a  basic¬ 
ally  new  style  of  Erie  Ceramicon,  pictured 
above.  Approximately  60  days  later,  finished 
units  were  being  delivered  for  the  extremely 
urgent  communications  equipment  for  whicn 
they  were  designed. 


APPROX. 

DIMENSIONS 


ERIE  STAND-OFF  CERAMKON 

Maximum  Capacity 

17  MMF. — zero  temperature  coefiicient 
30  MMF.— 330  P/M/°C  " 

75  MMF.— 750  P/M/^C  " 

Minimum  Capacity,  2  MMF. 

Minimum  Capacity  Tolerance  ^  0.5  MMF. 
Available  Temperature  Coefficients  +  100  to 
—  750  P/M/^C. 


This  compact,  stand-off  Ceramicon  has 
mechanical  advantages  that  permit  it  to  be 
rigidly  mounted,  and  support  other  circuit 
elements.  Electrically,  this  Erie  stemd-off  Ce¬ 
ramicon  has  a  high  resonant  frequency,  and 
short  electrical  path  to  both  silvered  plates. 
The  stability  and  retrace  characteristics  of 
Erie  temperature  compensating  Ceramicons 
are  inherent  in  this  new  unit. 

Is  there  a  place  for  this  new  component  in 
your  designs  for  war  or  peacetime  communi¬ 
cations  equipment?  Or  if  you  have  any  other 
design  problems  involving  resistors  or  con¬ 
densers,  our  engineers  will  be  glad  to  discuss 
them  with  you. 


ERIE  RESISTOR  CORP.,  ERIE,  PA. 


LONDON,  ENGLAND 


TORONTO,  CANADA. 


★  ★  ★  Let*s  All  Bock  The  Attock  —  Buy  EXTRA  War  Bonds  ★  ★  ★ 
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Concoct 


^nnrr  foil- 


'Adhesive 


Two  motal  ioUa,  mounted  edong  the 
edges  oi  a  layer  ol  adheelTe.  proTide 
electrodes  for  the  opplicatlon  of  r-i 
energy  In  glueing  shoe  soles 


srether  has  been  invented  by  G. 
Hart,  Jr.  and  E.  E.  Winkley  of 
Lynn,  Mass.  Their  method  has  been 
adopted  by  the  United  Shoe  Ma¬ 
chinery  Corp.,  Flemington,  N.  J. 
and  is  expected  to  save  the  rela¬ 
tively  long  period  of  drying  under 
pressure  now  necessary  in  present 
shoe  cementing  operations. 

The  method  consists  of  attaching 
to  the  sole  a  strip  of  metal  foil  run¬ 
ning  parallel  to  the  inner  edge  of  a 
band  of  adhesive  and  another  foil 
close  to  the  outer  margin  of  the  ad¬ 
hesive,  preferably  upon  the  periph¬ 
ery  of  the  shoe  sole.'  For  strength 
at  points  of  contact  with  electrodes 
of  the  r-f  generator,  a  folded  strip 
reinforced  with. cord  may  be  used. 
*  The  two  foils’  thus  form  capaci¬ 
tor  elements  which,  when  connected 
to  a  sourse  of  high-frequency  r-f 
power,  produce  electrostatic  heat¬ 
ing  of  the  adhesive.  This  quickly 
sets  the  glue  and  secures  the  sole 
to  the  insole  of  the  shoe. 


Probably  the  most  important  single  factor  in  modern 
warfare  is  complete,  dependable  communications.  De¬ 
pendable  coihmunications  require  a  dependable  power 
supply.  Pincor  is  proud  of  its  part  in  furnishing  portable 
gasoline-driven  and  other  electrical  power  supply  units 
to  the  fighting  front  as  well  as  to  the  home  front. 

Look  to  Pincor  for  your  postwar  needs  in  power  plants, 
motors,  converters  and  battery  chargers. 


Measurement  of  Filter 
Chokes 

By  L.  R.  Malling 

Determination  of  the  inductance 
of  iron-cored  reactors  carrying  di¬ 
rect  current  presents  certain  prob¬ 
lems  which  are  difficult  to  overcome 
with  conventional  measuring  tech¬ 
niques.  A  method  is  proposed  that 
not  only  overcomes  the  problem  of 
the  superimposed  direct  current 
but  also  enables  the  inductance  to 
be  measured  with  a  high  alternat¬ 
ing  current  component.  The  meth¬ 
od  is  particularly  applicable  to  the 
measurement  of  iron-cored  react¬ 
ors  of  the  type  used  in  the  first 
section  of  filters  supplying  d-c 
power  to  electronic  devices. 

The  circuit  is  shown  and  oon- 


DYNAMOTORS  .  .  .  CONVERTERS 
GENERATORS  ....DC  MOTORS 
POWER  PLANTS. ..GEN-E-MOTORS 


IV4R  BONDSI 


5841  W.  DICKENS  AVE. 

CHICAGO  3  9,  ILLINOIS 

iXPORT  ADDRESS:  35  WARREN  STREET,  NEW  YORK  7,  U.  S.  A.  •  CABLE  ADDRESS;  SIMONTRICE,  NEW  YORK 
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SEE  THE  SIMPLICITY  AND  STRENGTH  OF  THEIR  DESIGN 


...built  for  tough  jobs  and  long  life 

COMBAT  service  on  aircraft  and  in  military  radio  is  the  crucial  test 
for  any  electric  instrument.  To  meet  the  requirements  of  such 
severe  service,  G-E  engineers  went  to  extremes  to  gain  simplicity  and 
strength  in  the  design  of  these  new  panel  instruments.  • 

What  isn’t  shown  clearly  in  the  pictures  above  is  the  internal-pivot 
construction  and  how  the  pivots  eu^c  mounted  to  the  inside  of  the  arma¬ 
ture  shell  instead  of  being  secured  to  the  outside  of  the  armature  wind¬ 
ing.  The  pivot  shank  actually  extends  through  the  armature  shell,  and 
is  anchor^  firmly  on  both  sides  of  the  shell  by  pressing  two  brass  washers 
over  the  pivot  shank.  This  construction  makes  the  entire  element  as¬ 
sembly  20  per  cent  thinner. 

There  are  many  other  features:  large-radius  pivots,  hard-glass  jewels, 
good  damping,  and  ample  clearances  between  stationary  and  moving 
parts.  Added  up,  these  features  give  you  an  instrument  well  able  to  with¬ 
stand  vibration  and  hold  its  rated  accuracy. 

If  you  want  the  complete  story  of  how  these  instruments  pack  all¬ 
round  fine  performance  in  a  small  space,  ask  our  nearest  office  for  Bulletin 
GEA-4064,  which  covers  instruments  used  for  radio  and  other  com¬ 
munications  equipment;  or  Bulletin  GEA-4117  which  describes  those 
suitable  for  naval  aircraft.  General  Electric  Co.,  Schenectady  S,  N.  Y. 
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Radio 


sists  essentially  of  a  two>tube  posi¬ 
tive  feedback  oscillator  witii  a 
resonant  LC  circuit  in  the  plate  of 
the  second  amplifier  tube.  The 
reactor  to  be  tested  forms  part  of 
the  LC  circuit  and  the  resonant  fre¬ 
quency  is  compared  with  the  60- 
cycle  power  supply  frequency.  Ad 
oscilloscope  enables  a  visual  com¬ 
parison  to  be  easily  and  accurately 
made. 


FOR  GUERVTHinG 

EiEcrooiiirs 


Circuit 

In  the  circuit,  resistor  Ri  controls 
the  amount  of  feed  back  applied  to 
the  grid  of  tube  VTt.  The  bias  of 
the  second  amplifier  tube  VT,  is 
controlled  by  resistor  Rt  which  thus 
controls  the  plate  current  drawn  by 
this  tube  and  the  current  through 
the  reactor  L.  Resistor  R,  is  a  vari¬ 
able  control  which  enables  the  a-c 
component  across  the  reactor  to  be 
varied.  The  alternating  voltage 
built  up  across  the  reactor  is  ap¬ 
plied  to  one  set  of  plates  of  the 
oscilloscope  and  a  voltage  obtained 
from  the  60-cycle  power  supply  is 
applied  to  the  other  set  of  plates. 

For  measurement,  the  resistor 
R,  is  set  so  that  the  meter  M  reads 
the  required  value  of  direct  current 
in  the  refictor.  Resistor  Ri  is  then 


One  call  to  Allied  .  .  .  and  your  pro¬ 
curement  job  is  done!  There’s  no  lost 
time  —  no  waste  motion.  Today’s 
largest  and  most  complete  stocks  are 
concentrated  here  under  one  roof . . . 
Over  10,000  electronic  and  radio 
items  .  .  .  ready  for  rush  delivery  to 
the  Armed  Forces,  Government,  In¬ 
dustry  and  Research  Laboratories. 

What’s  more  .  .  .  close  contact  with 
all  leading  manufacturers  enables  us 
to  simplify  and  speed  procurement 
of  many  diversified  needs.  You  deal 
with  one  source,  instead  of  many.  You 
send  one  order  for  everything.  Whether 
you  need  one  item  or  a  hundred  .  .  . 
save  time  and  work  .  .  .  Call  Allied 
First.  Thousands  do. 

Write,  Wire,  or  Phone  Haymarket 6800 


Today's  Most 
Complete 
Helpful 
BUYING 


NEW  Rqiid  R-F  Res— ice  owd  Ceil  Winding  Coicnlator 

New,  dual-purpose  Calculator  devised  by  Allied  for  fast 
and  accurate  determination  of  resonance  factors  and 
coil  winding  data.  Simple,  easy  to  use.  Send  for  it  now. 
No.  37-955.  Price  net,  only . . . 2S< 


Novel  circuit  for  determining  the  induct¬ 
ance  of  an  iron-core  reoctor  while 
carrying  the  normal  amount  of  (Urect 
current 


adjusted  so  that  the  positive  feed¬ 
back  is  just  sufficient  for  oscilla¬ 
tions  to  occur  across  the  combina¬ 
tion  of  inductor  L  and  capacitor  C. 
Accurate  adjustment  of  this  feed¬ 
back  control  is  required  to  avoid 
overloading  of  the  second  ampli¬ 
fier  tube  VT,  with  consequent  wave¬ 
form  distortion.  The  variable  ca¬ 
pacitor  C,  which  might  be  a  decade 


OYER  10,000  ITE/RS-^svih  as: 

Tuba*  Transformers  Micrephenas 

Condsnssrs  Relays  Headphones 

Capacitors  Switches  Public  Address 

Resistors  Rectifiers  Meters 

Rheostats  Wire  A  Cable  Test  Equip. 

Coils  Crystals  Intercom. 

Sockets  Speakers  Power  Supplies 

Photo  Colls  Receivers  Converters 

Batteries-  Training  Kits  Generators 

Chargors  Cod*  Equip.  Tools 
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Steelductor  Ignition  cable  which  has  proved 
its  advantages  on  the  majority  of  America's 
fighting  planes  is  typical  of  the  wire  and  cable 
advancements  Auto-Lite  has  helped  perfect. 

Controlling  factors  for  wire  and  cable  vary 
greatly  .  .  .  limited  space,  unusual  shape, 
weight  restriction  or  cost.  Insulation  is  often 
of  paramount  Importance.  Butyrate  Tape  and 
Vinylite  are  two  types  being  used  for  lighting 

THE  ELECTRIC  AUTO-LITE  COMPANY 

SARNIA,  ONTARIO  Wir*  Omwon  PORT  HURON,  MICH. 

TUNE  IN  “EVERYTHING  .FOR  THE  BOYS"  STARRING  RONALD  COLMAN  —  EVERY  TUESDAY  NIGHT  —  NBC  NETWORK 


and  low  tension  circuits  in  radio  production, 
aircraft  construction  and  other  vital  war  needs. 

Our  business  has  been  built  by  supplying 
wire  and  wire  products  that  solve  problems  for 
designing  engineers  and  manufacturers.  What¬ 
ever  you  need,  unusual  shapes,  sizes 
or  special  insulation  requirements 
.  .  .  feel  free  to  write  us  for  author!-  (H!fffn\ 
tative  recommendations. 
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TROUBLE  FREE 
:\FASTEN1NGS 


NOTE 


SPECIFY  FINISH  ON  PARTS 
LIST  AND  purchase  ORDERS 


SOURCE 


MANUFACTURERS 
SCREW  PRODUCTS 

CHfCACO  lO,  I  L  LI  NO** 


THORDHRSON  ELECTRIC  MFC  CO 

500  WEST  HUBON  si  ,  CHICAGO.  lU 


.  .  ORIGINATORS  OF  TRU-FIDEIITY  AMPLIFIERS 


box,'  is  then  adjusted  until  a  sta¬ 
tionary  circular  or  elliptical  pattern 
is  obtained  on  the  oscilloscope.  This 
indicates  that  there  is  a  constant 
phase  relationship  between  the  two 
frequencies  applied  and  that  the 
frequencies  are  identical.  The  in¬ 
ductance  may  then  be  determined 
from  a  reactance  chart  or  by  cal¬ 
culation  from  L  =  l/(i)*C,  where 
<i>  =z  2ic/  and  f  is  the  power  line  fre¬ 
quency. 

The  resistor  12.  is  adjusted  to 
give  the  required  magnitude  of  the 
a-c  component  across  the  inductor. 
This  latter  may  be  measured  with  a 
vacuum-tube  voltmeter.  As  fJ,  is  de¬ 
creased,  the  Q  of  the  LC  circuit 
drops  with  a  reduction  of  the  alter¬ 
nating  potential  across  the  induc¬ 
tance  or  cessation  of  oscillations. 
The  oscillating  conditions  may  be 
restored  by  adjustment  of  R^. 

Alternating  potentials  of  the  or¬ 
der  of  a  hundred  volts  are  easily 
obtained  across  the  resonant  cir¬ 
cuit  The  current  through  the  re¬ 
actor  may  be  increased  to  any  de¬ 
sired  value  by  operating  tubes  in 
parallel  with  VT,  or  by  the  use  of 
a  larger  amplifying  tube.  For  ease 
of  reading,  the  capacitor  decade 
box  may  be  calibrated  directly  in 
terms  of  inductance. 


STRONGHOLD  fasteners  are  TOUGH,  dean, 

accurately  formed  and  threaded,  made  to  VjW 
precision  tolerances.  The  quality  is  rigidly  con-  ^ 
trolled  by  uncompromising  inspections  at  every  stage  of 
production — ^from  raw  materials  to  shipping  room. 

These  are  FIGHTING  FASTENERS  that  stand  up  under  shock 
vibration  and  stress — for  war  or  peacetime  production.  Tell 
us  what  you  use  and  we'll  send  you  samples. 


Electronic  Mail  Sorting 

Sorting  of  letters  in  post  offices 
by  means  of  photoelectric  equip¬ 
ment  was  suggested  by  W.  C. 
White,  engineer  in  charge  of  the 
Electronics  Laboratory  of  General 
Electric  Co.,  in  addressing  a  recent 
meeting  of  the  Purchasing  Agents 
Association  at  Schenectady. 

"Consider  all  the  routine  that 
takes  place  in  connection  with  the 
delivering  of  a  letter  by  our  postal 
system.  It  is  picked  up  and  brought 
to  the  post  office  in  the  city  from 
which  it  is  being  sent.  Here  it  must 
be  looked  at  and  consigned  to  a  cer¬ 
tain  large  city  or  district  of  the 
country.  When  it  arrives  at  this 
destination,  it  is  again  looked  at  to 
be  forwarded  to  some  sub-division 
or  postal  sub-station.  Here  again 
it  must  be  examined  to  route  it  to 
the  particular  mail  carrier  district 
in  which  the  one  to  whom  it  is  ad¬ 
dressed  is  located.  In  all  of  these 
cases,  much  routine  work  is  in¬ 
volved  and,  when  we  consider  all 
the  millions  of  letters  in  transit  all 


m  ALUMINUM  WASHERS 

_ I  c All  r* i__  r- 


Delivered  From  Stock  In  All  Popular  Sizes 

No  delay  on  aluminum  or  aluminum  alloy  washers 
from  standard  dies.  Prompt  service  on  '^specials" 
— also  brass  and  steel  in  any  plating — AN  or 
commercial  specifications. 

Ask  for  Samples 


Fast  Deliveries  On  Sjr^ 

MACHINE  SCREWS  U  Jp 

All  METALS,  heads,  threads,  points  and  plat- 
ings.  Clean — no  burrs  on  slots.  No  under- 
size  or  oversize  screws.  Correct  tolerances  to 
AN  or  commercial  specifications. 

Prompt  quotations  on  "Specials."  All  supple- 
mentary  operations  such  as  drilling,  multiple  arlll- 
ing,  knurling,  slotting,  etc. 

Samples  on  Request 

It's  Faster  to  Telephone — Call  WHItehall  4680 

MANUFACTURERS  SCREW  PRODUCTS 

270  West  Hubbard  Street  Chicago  10,  III. 
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the  time,  a  tremendous  amount  of 
human  effort  is  piled  up. 

"Now  it  would  be  perfectly  pos¬ 
sible  to  place  along  the  lower  edge 
of  the  envelope  a  sort  of  black  and 
white  checker-board  design  which 
would  code  the  address.  In  other 
words,  a  row  or  rows  of  black  and 
white  squares  in  certain  order 
would  designate  the  first  main  sub¬ 
division.  A  second  row  would  ident¬ 
ify  the  postal  substation  and  a 
third  row  the  city  postal  carrier  dis¬ 
trict.  A  form  of  rubber  stamp  with 
movable  inserts  would  be  used  by 
the  sender  or  at  the  first  post-office 
to  imprint  this  design  on  the  letter, 
utilizing  a  key  sheet  to  prepare  the 
design  frofn  the  elements  of  the  ad¬ 
dress  to  which  the  letter  is  to  be 
sent. 

Phototube  Scanning 

“The  great  majority  of  mail 
which  consists  of  letter  envelopes 
could  then  be  run  through  a  ma¬ 
chine  that  lines  up  a  photoelectric 
scanner  along  the  bottom  edge  of 
the  envelope  and,  as  the  letter 
whisked  by  the  electric-eye,  it 
would  do  the  equivalent  of  reading 
the  address  in  the  coded  squares  and 
automatically  route  the  letter  to  the 
proper  mail  bag  or  container.  This 
would  be  repeated  again  for  the 
second  row  and  again  for  the  third 
row  when  it  arrived  in  the  final 


ptffier  such  as  this 


It  is  not  alone  the  trim  looks  and  compact  con¬ 
venience  of  this  amplifier  which  caused  it  to  attain 
such  popularity.  Like  all  Thordarson  products, 
it  reflects  the  right  combination  of  inspired  en¬ 
gineering  coupled  with  the  highest  productive 
skill,  to  insure  the  most  in  quality  at  the  lowest 
possible  cost. 


FIRST-HAND  ACCOUNT 


Thordarson  Model  T30W20  is  a 
20-Wan  amplifier  embodying  all 
of  the  latest  improvements  and 
conveniences  which  make  it  adapt¬ 
able  for  a  wide  variety  of  uses. 


Alter  ahooting  down  lour  Zeroa  in  leas 
than  five  mlnutea,  Lt.  Ug)  Eugene  R- 
Hanka  tella  hia  ahlpmotea  the  details 
over  the  londapeoker  ayatem  oi  the  Hot- 
top.  Oificial  U.  S.  Navy  photogroph 
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1.  A  surface  jr^^wdh^p^Xs  » 
!i!rrb Jk  bX  to  heat 


,  I-  o  UHle  or  no  tendency  to 
2.  It  film  on  the  tube 

deposit  a  mir  a  thus  elimi- 

wall  or  insulating  P^,  ,  and  losses, 

nates  inter-element  kakj^_.^ 

raises  the  Uaee  and  increases 
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its  efficiency  as  a  gette  . 
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S^n^ost  active  above  ^“C- 

•  write  for  informa- 

You  are  invited  t  a^i  Powder 

^  Mhe^similar  applications. 


mtomi  couAuzu  mkha. 
MSM  fastened  with  Elastic 
Stop  Nuts  keeps  throttle 
settings  the  same,  even 
when  die  hull  is  distorted 
by  heavy  seas. 


CNOINI  SIDS.  PT  boats  are  a  blasting  mass  of 
power.  Besides,  stresses  and  strains  make  the 
hulls  weave.  So,  to  hold  the  engines  tight  and 
secure  against  vibration  and  other  forces,  they 
are  fastened  down  with  Elastic  Stop  Nuts. 


BMMNI  aoOM  SIONALS  and 


engine  controls  center  in 
this  unit  held  firm  and  se- 


Gripping  tight  on  the  battling  cockleshells 


If  there  be  a  light  under  our  "bushel”  it  is  the  purposeful 
glow  of  a  Bunson  burner,  throwing  new  light  on  lithium, 
strontium,  zirconium  and  a  host  of  other  ores  and 
packed  with  industrial  possibilities.  Through  research  and 
processing  Foote  brings  new  ideas  and  products  to 
eyes;  works  with  you  in  their  development.  Now 
is  the  time  to  let  us  help  you  take  advantage  of 
Foote  research  and  manufacture. 
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TRADE  MARK  OK 


ELASTIC  STOP  NUTCORPORATION  OF  ABIERIGA 


PHILADELPHIA  •  ASBESTOS  •  EXTON,  PENNSYLVANIA 
Homo  Officot  1617  SUMMER  STREET,  PHILADELPHIA,  PA. 

Wwf  Cootf  R«pr.:  GriStn  Chomlcol  Co.,  Sen  Froncifco,  CaKf.  •  [n^lish  Repr.,  Erntl  B.  Wotiman,  Lid.,  London,  Eng. 


grips  the  bolt  —  presses  itself  be¬ 
tween  the  bolt  threads  and  holds 
tight.  The  nut  can’t  wiggle.  It  can’t 
turn.  It  can’t  shake  loose. 


These  nuts  will  work  wonders  in 
peacetime  uses.  They’ll  make  prod¬ 
ucts  safer,  stronger  and  longer- 
lasting.  They’ll  keep  production 
equipment  working  with  fewer  in¬ 
spections,  take-ups  and  replace¬ 
ments. 


Get  the  facts  from  our  engineers. 
They’ll  gladly  tell  you  about  Elastic 
Stop  Nuts  and  sit  down  with  you  to 
help  work  out  any  fastening  prob¬ 
lem  you  have. 
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They’re  swift.  They’re  light. 
They’re  crammed  with  4,000  throb¬ 
bing  horsepower  that  drives  them, 
fighting  like  demons,  through  giant 
seas  at  breakneck  pace. 


Naturally  they  take  an  awful  beat¬ 
ing. 

Under  such  shock  and  vibration 
only  the  surest  fastenings  will  hold. 
That’s  why  throughout  Higgins 
Boats  you’ll  see  the  famous  red 
collar  that  marks  Elastic  Stop  Nuts. 


These  nuts  hold  fast  in  the  face  of 
the  worst  vibration.  This  is  accom¬ 
plished  by  the  elastic  collar  built  in 
the  head  of  the  nut.  This  collar 


ELASTIC  STOP  NUT 
CORPORATION 

Gentlemen: 

T orpedo  hoaU  must  be  Xw  f  ^ 

built  to  stand  terrific 

punishment  —  not  only 

from  heavy  seas,  but 

from  vibration  of  en- 

gines,  machine  guns  and 

depth  charges.  Precious 

time  in  maintenance  and  a  greater  sense 

of  security  are  gained  by  the  use  of  Elastic 

Stop  Nuts  at  tdl  vital  points.  IT eight  is 

also  at  a  premium  in  PT's  as  in  aircraft 

and  prohibits  the  use  of  more  cumbersome 

and  less  positive  locking  methods. 


Yours  very  truly. 


pnim  onio.  iwaie  BwsnB.  ML 


ELASTIC  STOP  NUTS 

Ixtch  fast  to  make  things  last 
UNION,  NEW  JERSEY  AND  LINCOLN.  NEBRASKA 


postal  sub-district.  Thus  it  would 
actually  have  to  be  looked  at  only 
by  the  carrier  who  was  to  make  the 
final  delivery  at  the  place  of  busi¬ 
ness  or  residence  of  the  recipient. 

One  can  well  imagine  the  magni¬ 
tude  of  routine  saving  that  would 
result  from  the  universal  use  of 
such  a  method.  Of  course,  one 
might  well  raise  the  question  of 
technological  unemployment  which 
would  result  from  the  universal  use 
of  such  devices.  However,  there  is 
reason  to  believe  that  changes  of 
this  sort  always  come  more  or  less 
gradually  and  would  not  present  a 
serious  social  problem.” 


Design  of  Electronic 
Megaphone 

Initially  developed  for  use  on 
board  ships  where  the  high  sur¬ 
rounding  noise  level  made  speech 
reinforcement  necessary,  the  final 
design  of  the  RCA  electronic  mega¬ 
phone  called  for  use  with  either  a 
portable  battery-powered  amplifier 
or  an  alternate  fixed  amplifier. 

Since  the  megaphone  must  com¬ 
pete  in  some  cases  with  an  unus- 


operates  to  eliminate 
failure  wherever  it  may  be  found.  It  is  a  continuous 
"screening”  process  that  grades  out  materials  that  do 
not  measure  up  to  critical  standards — that  scraps  mal- 
fiinaioning  tools,  jigs,  machinery  and  equipment — 
that  shifts  men  and  women  to  the  jobs  they  are  best 
suited  to  handle. 

It’s  relentless  in  the  way  it  operates  but  it  results  in 
a  product  that  we  are  glad  to  trade-mark  and  on  which 
you  can  depend.  Cannon  plugs  are  good  plugs  because 
all  the  elements  that  go  into  them — men,  materials 
and  machines — are  good. 


FM  ANTENNA 


VISUAL  AII^S  FOLDER 

The  many  tuoaI  tttiaiog  aids  oflered  by  Cannon 
Electric  include  wall  charts,  training  films  and 
eQgineerins  bulletins.  These  ate  listed  and  de¬ 
scribed  in  a  new  four  page  folder,  available  on 
request.  Address  Dept.  A-120.  Cannon  Electric 
Development  Company,  3209  Humboldt  Stteet, 
Los  Angeles  31,  C^ifomiaJ 


Th*  four  bays  of  this  tumstllo  cmtsnna 
at  th«  Zenith  FM  station  WWZR  are  fed 
by  eight  Andrew  1%-in.  diameter 
coaxial  cables.  These  lines  and  the 
4Vi-in.  feeder  from  the  transmitter  are 
maintained  under  constant  gas  pressure. 
Made  by  Andrew  Co.,  the  cobles  are 
connected  back  to  back  to  proride  a 
balanced  140-ohm  line 


Cannon  Electric  Development  Co. 
Los  Angeles  31,  California 

>  Canadian  Factory  and  Engineering  Officer 

Cannon  Electric  Company,  Limited,  Toronto 

Raprawnfofjvatinprincjpala'tiM — Consulf  yew  lecoUWapfcona  boot 
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ually  high  noise  level,  higher  out¬ 
put  from  the  unit  was  provided  by 
shifting  to  operation  with  the  fixed 
amplifier.  Reasonable  flexibility  of 
movement  is  provided  by  a  forty- 
foot  extension  cable  between  the 
amplifier  and  the  megaphone. 

As  shown  in  the  photograph,  the 
microphone  of  the  unit  is  mounted 
so  that  its  horizontal  axis  is 
inches  above  the  axis  of  the  loud¬ 
speaker.  This  feature  provides  the 
operator  with  unobstructed  vision 
in  the  direction  his  speech  is  being 
transmitted  and  permits  full  utiliz¬ 
ation  of  the  megaphone  range. 

The  total  weight  of  the  unit  is 
so  distributed  that  the  handle  is 
directly  beneath  the  center  of  grav¬ 
ity.  This  permits  ease  of  handling 
and  minimizes  fatigue  when  the  op¬ 
erator  is  using  the  megaphone  con¬ 
tinuously.  If  used  intermittently, 
the  operator  may  suspend  the  unit 
from  a  carrying  strap  which  per¬ 
mits  it  to  rest  against  his  chest. 
This  leaves  his  hands  free  except 
when  the  megaphone  is  being  used. 

For  applications  in  which  the  op¬ 
erator  needs  only  limited  movement 
within  a  radius  of  40  feet,  and  a 
commercial  source  of  power  is  ac¬ 
cessible,  the  megaphone  can  be 
driven  by  the  larger  fixed  ampli¬ 
fier.  With  the  same  input  level,  the 
fixed  amplifier  drives  the  speaker  to 
an  output  pressure  three  times  as 
great  as  that  obtained  from  the 
portable  amplifier.  Because  of  the 
greater  gain,  a  volume  control  is 


aVVb*"'*' 

«  ts  ^ 

•  n’snet^ 

lOO  ’ 


Operation  onywhoro  U  proTided  by 
this  portable  electronic  megaphone. 
Mounting  ol  the  microphone  above  the 
horisontal  axis  oi  the'  loudspeaker  per¬ 
mits  viewing  the  place  being  addressed 
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RECTIFIERS 


PHOTOCELLS 


LABORATORIES,  INC 


82  Meartow  SUeel.  Ne<*  Ha*en  10  Conn 


provided  on  the  front  panel  to  per¬ 
mit  adjustment  to  a  comfortable 
level. 

To  provide  for  installations  on 
vessels  having  only  d-c  power,  an 
inverter  is  supplied  as  an  auxiliary 
unit  by  RCA  Victor  Division  of 
RCA,  maker  of  the  electronic  equip¬ 
ment.  Weight  of  the  unit,  includ¬ 
ing  reproducer,  microphone  and  ca¬ 
ble,  is  7i  pounds. 


Luxtron*  Photo-- Electric 
Cells  Operate  Instruments 
and  Instrument  Relays  ^ 
Without  Auxiliary  Vol-^ 
tage  or  Amplification. 


Rectifiers  Have 
Conservative  Ratings, 
Excellent  Stability,  Long¬ 
er  Life.  Gold  Coating 
Delays  Aging. 


Fluorescent  Starter 
Eliminates  Blink 

A  STARTER  for  fluorescent  lamps 
that  preheats  the  cathodes  in  the 
usual  manner  and  also  permanently 
interrupts  the  circuit  when  the 
lamp  becomes  deactivated  or  reaches 
the  end  of  its  life  has  been  devel¬ 
oped  by  Westinghouse  engineers. 

The  new  starter  utilizes  a  simple 
form  of  thermal  switch  in  series 
with  the  timing  switch.  When  the 
lamp  is  in  good  operating  condition, 
the  starter  merely  provides  the 
time  to  start  the  lamp.  When  the 


Shown  nbove  is  Coprox  BX-22.3  double 
bridge  rertiher  with  current  sod  temper- 
sture-cuirent  chsrscteristics  lielsneed  to 
better  thsn  I'  i  over  s  range  of  — 40°C  to 
+  70°C.  Rated  up  to  4.5  volts  AC.  3  volts 
DC.  5  reillismperes  DC.  Other  models  snd 
capacities  to  meet  all  needs. 


This  i^ul-foutaet 
model  is  only  one  of 
a  senes  of  mountincs 
and  indicates  only 
one  of  the  complete 
ransc  of  Luxtron* 
cell  shapes  and  sixes 
available. 


^  In  Coprox  Reetiftors,  gold  coat¬ 
ing  on  tho  poaifiv*  contoct 
*'p«ll«H*’  doiay*  aging.  Pr*- 
toldnrod  load  wirns  or  special 
terminals,  prevent  overheating  dwr- 
^  inu  assemUy. 

Standard  units  ore  sealed  with 
f  woterprooF  lacquers.  Gitical-ap- 


Their  high-efficiency*'  conversion 
of  light  energy  into  electric 
power,  permits  applications  in 
great  variety. 


Circuit  oi  Westinghouse  **no-blink" 
fluorescent  lamp  starter.  Low-resistance 
heater  (1)  carries  the  starting  current, 
and  as  the  glow  switch  attempts  to  start 
a  deactivated  lamp,  gradually  heats  the 
bi-metal  (2)  and  opens  lock-out  contacts 
(3)  in  the  glow  switch  (5)  circuit.  Open- 
circuit  voltage  then  exists  across  re- 
cistor  (4)  which  draws  o  negligible  cur¬ 
rent  (power  less  than  1  watt),  but  pro¬ 
duces  sufficient  heat  to  hold  lockout 
contacts  (3)  open.  When  the  foiled  lamp 
is  replaced  the  starter  automatically 
resets  to  its  normal  position  ready  to 
function  again.  Capacitor  (6)  eliminates 
radio  interference 


Bulk  and  complexiKe*  ore  minl- 
miied.  War  opplicotions  im- 
prem  their  dependability  and 
durability  daily. 


Luxtron*  Photocells  are  wholly 
American  in  both  materials  and 
manufacture. 


Send  for  illutlrared,  engineering 
literaiwre  and  let  ut  co-operate 
with  you  on  roecial  problems 
and  aopllcotiom. 

*Seg.  U.  S.  Pot.  Off. 


Bradley  hos  the  experience  io 
meet  unusual  rectifier  probiemt. 
Write  for  data. 


lamp  fails,  the  starter  makes  a 
few  attempts  to  put  it  in  operation.^ 
The  resultant  heat  brings  the  ther¬ 
mal  switch  into  play  which  then 
permanently  opens  the  lamp  circuit. 
The  new  device  eliminates  blinking 
and  reduces  current  flow  through 
lamp  auxiliaries.  The  starter  is 
fully  automatic.  When  the  bumed- 
out  lamp  is  replaced,  the  starter 
automatically  resumes  its  normal 
lamp-lighting  function. 
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0^  as'plurt  of  a  complete  control: system, 

A  new  lles^is  an  ifsemblyHall  wHefe  electrical  engineering  meetings  can 
be  ladjft.'.to  -provide  our.-New!  England  cnstomeri;  with'ihe  latest  information 
; direct* from- the  engineers  and  'ezeciitives  of  the  mannfactarers  we  represent. 
Throngh'  this' medinm  we  are  keeping  pace  with  New  England’s  tradition 
for  progressiveness  and  are  providing,  at  a  time  when  most  needed,  add!- 
tiQpal  facilities  to  assist  onr  customers.  We  extend  a  cordial  invitation  to 
yon  to  call  upon  ns  whenever  we  can  be  of  assistance. 

WALDO  J.  SELLEICE  A  STAFF . W.  S.  Cibson-F.  S.  Bmtm 

NEW  ENGLAND  REPRESENTATIVES 


C.  B.  Walwortn 


APPLICATION  ENGINEERS 


RELAYS  •  RHEOSTATS  •  FOOT  SWITCHES  •  CAM  LEVER  SWITCHES  •  LIMIT  SWITCHES  •  SNAP  ACTION  SWITCHES  •  TRANSFER  SWITCHES  •  RESET  TIMEIS 
REMOTE  CONTROL  SWITCHES  •  PROCESS  CONTROL  TIMERS  •  SOLENOID  VALVES  •  ELEORONIC  DEVICES  •  TEMPERATURE  CONTROLS  •  PRESSURE  CONTROLS 

ElEORONIC  CONTROLS  •  AUTOMATIC  PRODUOION  GAUGES 


ELECTRICAL  APPARATUS  COMPANY 

1200  SOLDIERS  FIELD  ROAD,  BOSTON  34,  MASSACHUSETTS 


ANOTHER 


OutdcmcUtu  Imp^oomedi 

In  Gear  Hardening 


L«p«l  High  Fraquaocy  Inductiaa  HMt- 
iog  Units  srs  msd*  in  vnrious  lisss. 
Th*  Huns  unit  csn  b*  used  for  hnrdsn- 
in(,  bmsing,  aoldoring,  msltinc,  otc.,  of 
both  forrous  and  non-forroua  matiUs. 
Basily  coavartad  to  paacatima  uaa  at  no 
cost.  Writa  for  catalog. 

LeoeL 


The  hardening  of  gears  and  pin* 
ions,  long  recognized  as^an  ideal 
application  of  high  frequency  induction 
heating,  is  a  field  in  which  Lepel  has 
pioneer^  and  developed  many  note¬ 
worthy  improvements.  It  made  possible 
localized  hardening,  practically  elimi¬ 
nating  warpage  and  retaining  the 
toughness  and  ductility  of  untreated 
areas.  It  produced  superior  wearing 
-qualities,  provided  greater  uniformity 
and  cut  hardening  time  to  a  matter  of 
seconds. 

Now  Lepel  offers  another  outstand¬ 
ing  improvement  in  the  hardening  of 
gears  and  other  round-section  parts. 
The  new  Lepel  roto-heating  and 
quenching  unit  causes  the  part  to  re¬ 


volve  at  a  predetermined  speed  within 
the  load  coil  during  the  automatically- 
controlled  heating  and  quenching  cy¬ 
cles.  The  result  is  a  degree  of  uniform¬ 
ity  never  hitherto  achieved  by  any 
hardening  process  —  a  new  high  stand¬ 
ard  of  quality  for  such  parts. 

The  unit,  including  motor  drive,  load 
coils  and  quench  rings,  is  compara¬ 
tively  inexpensive  and  can  be  operated 
in  connection  with  any  standard  Lepel 
Induction  Heating  Unit.' 

'  A  Lepel  representative  will  be 
pleased  to  call  upon  you  upon  request. 
Or  Lepel  engineers  will  harden  samples 
of  your  parts  to  your  specifications 
and  furnish  complete  data  without 
obligation. 


LEPEL  HIGH  FREQUENCY  LABORATORIES,  INC. 

Pionmmrs  in  Induction  Hooting 

99  WIST  «Otli  STIIIT  NEW  YORK  23,  N.  Y. 


RICHARDSON  COMPANY 


Mica  Capacitors 

{Continued  from  page  132) 


pacitors  are  manufactured  as  rolled 
structures,  stacked  laminations  or 
in  special  forms. 

From  evidence  at  hand,  it  ap¬ 
pears  that  about  half  of  the  mica 
capacitors  now  used  could  be  re¬ 
placed  ,  by  capacitors  made  from 
other  materials  without  compromis¬ 
ing  quality  or  performance  of  elec¬ 
tronic  equipment.  In  round  figures, 
this  replacement  would  conserve 
between  i  and  i  of  our  precious 
supplies  of  mica.  While  it  may  be 
argued  that  other  materials  are  not 
as  efficient  or  desirable  in  making 
capacitors  for  equal  duty  and  equal 
size,  the  materials  situation  may 
compel  that  it  be  done. 

Considerable  work  has  been  done 
with  paper  dielectrics  by  the  en¬ 
gineers  of  the  Bell  Telephone  Lab¬ 
oratories  and  Western  Electric  to 
demonstrate  that  thoroughly,  reli¬ 
able  capacitors  of  equivalent  size 
can  be  made  for  many  of  the  com¬ 
monly  used  types  of  mica  capaci¬ 
tors. 

Careful  attention  has  to  be  paid 
to  the  choice  of  the  best  grade  of 
paper  and  the  choice  of  organic  im- 
pregnants  for  their  suitability  at 
high  temperature.  Also,  careful  at¬ 
tention  needs  to  be  paid  to  the  mat¬ 
ter  of  attaining  moisture-tight  cas¬ 
ings.  It  is  significant  that  paper 
capacitors  of  such  types  offer  at 
present  a  greater  promise  of  sav¬ 
ing  mica  than  any  of  the  other  al¬ 
ternative  materials.  By  using  such 
alternative  capacitors  we  have  elim¬ 
inated  about  one-third  of  the  mica 
types  in  our  equipment,  thereby 
I  cutting  mica  needs  by  about  25 
I  percent. 

Some  mention  should  be  made 
here  of  the  engineering  studies 
!  which  are  under  way  on  the  appli¬ 
cation  of  “stained”  quality  mica  for 
capacitors.  This  quality. of  mica  is 
quite  readily  available  but  has  not 
been  used  to  any  extent  in  capacitor 
manufacture.  Stained  mica,  which 
has  good  splitting  and  non-conduc¬ 
ting  properties,  has  been  used  to 
produce  capacitors  with  a  Q-value 
equal  to,  or  better  than,  those  of 
alternative  types. 

Capacitors  made  of  stained  mica, 
paper  or  other  alternative  dielec¬ 
trics  can  be  used  without  degrading 
the  performance  of  equipment. 


#  Many  a  product  designer  has  heaved 
a  sigh  of  relief  upon  learning  that 
INSUROK  is  a  combination  of  "beauty 
and  the  beast" — that  it  not  only  has  an  at- 
traaive  appearance  but  also  has  ample 
tensile  strength  to  meet  the  requirements 
of  scores  of  postwar  products. 

Because  INSUROK  is  also  light  in 
weight,  it  is  being  used  in  dozens  of  war¬ 
time  products,  today — will  provide  com¬ 
petitive  advantages  for  other  types  of 
products,  tomorrow. 

INSUROK,  Molded  and  Laminated,  is 
made  in  a  wide  range  of  grades  and  types 
—  with  combinations  of  characteristics 
which  make  it  the  preferred  material  for 
innumerable  electrical,  chemical,  mechan¬ 
ical  and  decorative  applications.  Richard¬ 
son  Plasticians  will  be  glad  to  work  with 
you  or  your  designer  in  determining  the 
type  of  INSUROK  best  suited  to  your 
needs.  Vi'rite  for  complete  information. 


Unless  users  are  going  to  "baby” your 
product,  it  may  be  advisable  to  give 
it  the  advantages  of  INSVROK’S 
high  tensile  strength. 
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MiSJfiB^UItra  High  Frequen€y  Transmission  Line 


Federat  Telephone  and  Radio  Corporation 

Nmwark  1,  N»  J. 


PrMbion  woHunonthip  and  intan- 
tiva  »lap-by-«iap  Inipoctian  intiira 
Ml*  porfocNon  of  Fodorol  Oyttah  — 
now  flowing  in  on  ondlot*  «lroam 
|9  vitol  milHory  oppHcotions. 


When  the  war  began  there  was  no  Ultra  High  Frequency  Transmission  Cable  available 
to  meet  military  needs  for  special  radio  applications. 

Federal,  with  its  unsurpassed  research  and  production  facilities,  enlisted  to  fill  the 
breach.  Chemists  and  engineers,  working  day  and  night,  developed  the  first  dielectric 
that  would  fully  meet  the  severe  electrical  and  physical  specifications  of  tough  military 
requirements.  Result:  INTEIIN  Ultra  High  Frequency  Coaxial  Transmission  Line  ...  a  major 
contribution  to  the  science  of  radio  communication. 


Federal,  from  the  beginning  of  its  cable  manufacturing  activity,  has  made  research  and 
development  the  keystone  for  the  establishment  of  Federal  technical  leadership  in  the 
high  frequency  cable  field. 


This  outstanding  technical  ability  has  been  applied  to  the  solution  of  any  and  every 
cable  problem  submitted— and  is  now  a  focal  point  for  the  development  of  high  frequency 
cables  for  the  military  and  for  industry. 

Again  Fmdaral  Inads  thm  way  I 
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THE  ELECTRON  ART 


Magnetron  Oscillator  ior  V-H-F  Research . 

Novel  Voltage  Regulator . 

Argument  ior  Electronic  Music . 

Sound  Psychology . 

VHF  Generators  and  Titanium  at  Chicago  IRE  Meeting 
New  Moth  Tables . . 


Novel  Voltage  Regulator  quency  signal.  Either  terminal  of 
The  standard  degenerative  volt-  output  may  be  at  ground  poten- 
age  regulator  circuit  usually  be-  -tial. 
comes  difficult  to  use  at  voltages 

above  a  few  kilovolts,  particularly  Argument  for  Electronic 
in  applications  where  the  positive  Music 
terminal  is  grounded.  A  new  cir¬ 
cuit  that  avoids  this  difficulty  was  Sidney  T.  Fisher 

described  by  W.  H.  Pickering  and  Musical  theory,  where  it  touches 
S.  C.  Snowden  of  the  California  In-  on  the  intervals  employed  in  har- 
stitute  of  Technology  in  a  paper  mony,  is  in  a  state  of  great  confu- 
contributed  to  the  258th  meeting  of  sion.  The  scale  universally  used  for 
the  American  Physical  Society  at  keyboard  instruments,  the  Tem- 
Pasadena,  California  in  December,  pered  (diatonic)  Scale,  inade- 
1943,  and  regarding  which  an  ab-  quately  translates  musical  concep- 
stract  appears  in  the  February  is-  tions,  and  its  weaknesses  should  be 


Magnetron  Oscillator  for 
V-H-F  Research 

A  RELIABLE  MICROWAVE  OSCillator 
for  the  range  of  frequencies  from 
1700  to  5000  megacycles,  corres¬ 
ponding  to  wavelengths  of  17  to  6 
centimeters,  and  useful  in  labora¬ 
tory  work  for  instruction  and  re¬ 
search,  is  described  by  J.  Tykocin- 
ski  Tykociner  and  Louis  R.  Bloom 
in  Circular  No.  48,  issued  by  the 
Engineering  Experiment  Station 
of  the  University  of  Illinois.  Suffi¬ 
cient  details  are  include  in  the  de¬ 
scription  to  enable  teachers  and  ex¬ 
perimenters  to  build  their  own 
microwave  oscillators. 

In  the  attempt  to  construct  a 
suitable  magnetron  tube,  it  became 
clear  that  it  would  not  be  necessary 
to  develop  a  high-power  tube.  The 
conditions  in  a  medium-sized  labor¬ 
atory  are  hardly  applicable  for  util¬ 
izing  radiation  of  intensities  be¬ 
yond  those  measurable  with  the 
usual  detectors  and  bolometers.  The 
task  was  therefore  reduced  to  the 
design  of  a  compact  tube  of  about 
10  watts  input,  so  constructed  that 
its  power  could  be  controlled  easily. 
This  simplified  the  preparation  of 
the  tube  and  made  unnecessary  the 
use  of  facilities  usually  absent  in  a 
college  laboratory.  For  a  skilled 
technician,  all  that  is  necessary  is  a 
small  spotwelder,  a  vacuum  pump 
system  capable  of  sustaining  a  pres¬ 
sure  of  about  10*®  mm  Hg,  and  a 
high-frequency  induction  furnace, 
for  heating  the  electrodes  during 
the  outgassing  process. 

Copies  of  Circular  No.  48  may  be 
obtained  without  charge  upon  ap¬ 
plication  to  the  Engineering  Experi¬ 
ment  Station,  Urbana,  Ill.  until 
September  16, 1944  or  until  the  sup¬ 
ply  available  for  free  distribution 
is  exhausted. 


BALANONG  MACHmE 


Electronic  Dynetric  bodoncing  mochlnee  show  the  degree  of  unbalcmce  of  a  rotor, 
while  running  crt  normcd  ipeed.  directly  on  a  meter.  The  operator  leee  the  spot  on 
the  reTolring  rotor  that  in  out  of  bolonce  with  a  etrohoecope.  The  electronic  method, 
dereloped  by  Wentinghouse  research  engineers,  determines  the  exact  location  and 
amount  of  correctiTe  mass  necessary  to  elimlnote  unbalanced  Tibrotions  as  small  as 
2S-milllonths  of  on  inch 
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RHEOSTATS  •  RESISTORS  •  TAP  SWITCHES 


In  the  Fight 
From  The  Beginning 


Because  they  have  helped  pioneer  many 
resistance-control  applications  .  .  .  and 
have  proved  thoroughly  dependable  . .  . 
Ohmite  Rheostats  and  Resistors  have  been 
**in  the  fight”.  .  .  from  the  beginning. 

Today  .  .  .  they  serve  in  countless  thousands 
...  in  all  types  of  critical  equipment .  .  . 
on  every  front.  They  are  relied 
on  to  function  day-after-day 
under  extremes  of  temperature, 
humidity  and  altitude. 

In  resistance-control . . ;  Ohmite  jHIH 
experience  makes  a  difference. 

Widest  range  of  types  and 

sizes  for  every  need.  gl^F  V 


BUY  WAR  BONDS 


OHMITE  MANUFACTURING  COMPANY 

4817  FLOURNOY  STREET  •  CHICAGO  44,  U.  S.  A. 

Foremost  Manufacturers  of  Rheostats,  Resistors,  Tap  Switches 


Your  Auuwror  Book  om 
Reaiutauee  Problemm 

i  Write  on  coRifNiny  letter- 
head  for  Industrial  Caulog 

il  and  Engineering  Manual 
No.  40.  Gives  helpful  in¬ 
formation  on  the  selection 
and  application  of  rheo¬ 
stats,  resistors,  tap  switches, 
chokes  and  attenuators. 
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RHEOSTATS  and  RESISTORS 
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111  want  them 
when  I  get  home 


WM.  I.  MURDOCK  CO 

137  Carter  St.,  Chelsea  50,  Mass. 


recognized.  The  Just  (diatonic) 
Scale  is  in  full  accord  with  the 
spirit  of  music  and  the  letter  of 
physical  laws,  and  in  the  light  of 
modem 

now  be  adopted. 


instrumentalities,  could 
Electrical  musical 
keyboard  instruments  can  be  de¬ 
signed  in  a  practical  form  to  play 
the  Just  Scale  in  all  keys.  These  are 
some  of  the  conclusions  to  be  drawn 
from  the  facts  to  be  outlined,  but 
it  is  first  necessary  to  understand 
scale  structure  from  the  music;!: 
standpoint. 

“Jusf’-scale  musical  instruments 
have  been  under  consideration  by 
investigators  for  many  years  and 
in  recent  years  a  number  of  articles 
have  appeared  in  musical  journals 
on  this  subject.  Such  instruments 
due  to  anomalies  in  scale  structure, 
have  been  considered  by  most  au¬ 
thorities  as  being  impossible  from  a 
practical  standpoint.  They  have 
thus  become  to  be  regarded  by  mu¬ 
sicians  as  an  ideal  to  be  sought 
after  but  impossible  of  practical  at¬ 
tainment.  This  article  has  for  its 
object  the  description  of  practical 
instruments  whose  scale  frequencies 
bear  exact  harmonic  relationships 
to  one  another,  -to  the  end  that; 
maximum  harmoniousness  may  W 
achieved. 


MURDOCK 

RADIO 

PHONES 


could  only  come  from  long  experi¬ 
ence.  They  hove  the  tested  ad¬ 
vantages  users  like: 

•  long  listening  without  discomfort. 

•  ventilation  to  prevent  condensation. 

•  super-sensitivity  to  get  all  that's  sent, 
w  two-way  adjustment  tocontrolposition. 

•  "solid-built''  construction  to  keep  fine 
adjustments  constant. 

•  concealed  terminals — long  cords — 
lightness  —  comfort. 

In  war  or  peace,  remember  —  it’s 
MURDOCK!  See  these  headsets. 
Send  for  new  catalogue  today  I 


ployed  and  this  is  the  diatonic 
scale.*  In  addition,  in  accordance 
with  an  almost  universal  tradition, 
five  additional  intervals  are  in 
serted,  which  break  up  the  five 
larger  intervals  of  the  seven-note 
scale.  Most  music — particularly  mu- 
ic  by  the  classic  masters — is  writ- 
en  in  the  seven -note  scale.  This 
scale  has  its  most  familiar  embodi¬ 
ment  in  the  piano  and  it  is  not  an 
exaggeration  to  say  that  the  key¬ 
board  mechanism  of  the  piano 
been  made  the  basis  of  the  modci  i 
system  of  music.  The  scale  can  ba 
conveniently  thought  of  as  it 
pears  on  the  piano  keyboard.  If  w  ? 
take  the  note  C  as  the  starting  nola 
for  an  octave,  then  the  seven  nob  ^ 
of  the  diatonic  scale  are  played  o 
the  white  digitals  and  the  five 
ditional  tones  which  divide  iba 
larger  intervals  of  diatonic 
are  played  by  the  black  digit"! 

The  scale  obtained  by  playing  ”  ’ 


ELECTRONICS 


HOT-COILED  SPRINGS! 


Specialized  facilities  enable  Muehlhausen  to  pro 
duce  springs: 


igan  Avenue,  Loganspoit,  Indiana. 


To  improve  product  performance,  use 

MUEHLHAUSEN 


REASONS  WHY  INDUSTRY 


LOOKS  TO  MUEHLHAUSEN  FOR  LARGE. 


Controlled  otmosphoro  conveyer  type  furnace 


Complete  mognofluxing  ond  magnoglow  facilities 


One  entire  plant  devoted  to  hot-coiling— conveyorized  for  volijraa 
manufacture — with  control  laboratory  an  active  part  of  productibh  ^ 
—  quenching  tanks  of  swimming  pool  size — skyscraper-like  ^V*t  ^  f 
blasters  for  clean,  lustrous  finish  and  added  life  to  springs.  A  letter 
will  place  Muehlhausen  engineers  at  your  service  —  to  !>ave  you 
time,  cost  and  effort  in  obtaining  the  right  spring.  New,  iliu>^trated 
booklet  on  hot-coiling  springs  now  available.  Muehlhausen  Spring 
Corporation,  Division  of  Standard  Steel  Spring  Company,  Mich- f 


—  of  any  design 

—  to  close  tolerances 

—  in  large  quantities 

—  for  quick  delivery 

—  of  lasting  efficiency 
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Note  CDEFGABC 
Rotio>  1  V»  Va  */i  Vt  Vi  1 

Nam*'  UniMn  Stand  Third  Ftiirth  Rf  th  Sixth  S««tnth  OctM 
Inttrvol  9  8  I0-9  tb  lS  98  ©9  98  16  S 


Electrical  and 


real  Enyineeriny 


white  notes  of  the  piano  in  se¬ 
quence,  commencing  with  C,  is 
called  the  key  of  C  major*  or  the 
natural  key.  Other  keys  then  are  ob¬ 
tained  by  playing  a  series  of  notes, 
commencing  with  the  key  note, 
which  have  the  same  sequence  of 
intervals :  tone,  tone,  semi-tone, 
tone,  tone,  tone,  semi-tone. 

It  is  advisable  to  guard  at  the 
outset  against  a  common  miscon¬ 
ception  ;  this  is  the  idea  that  scales 
were  made  first,  and  music  after¬ 
wards.  Scales  are  made  in  the  proc¬ 
ess  of  creating  music.  If  music  con¬ 
sisted  only  of  single-note  melodies, 
the  requirements  to  be  met  by  a 
scale  would  allow  the  widest  lati¬ 
tude  in  choosing  the  intervals.  Mod¬ 
ern  Western  music,  however,  em¬ 
ploys  harmony  as  its  most  impor¬ 
tant  feature,  and  it  is  necessarj' 
therefore  that  certain  groups  of 
notes  of  our  scale,  sounded  simul¬ 
taneously,  should  form  harmonious 
chords. 

Chorda  and  Harmony 

The  physical  criterion  for  har¬ 
moniousness  in  a  chord  is  that  the 
ratio  of  the  frequencies  of  its  com¬ 
ponent  tones  may  be  expressed  as 
the  ratio  of  small  integers.  The 
smaller  the  integers  the  more 
marked  is  the  consonance.  The  ap¬ 
plication  of  this  law  to  the  diatonic 
scale  fixes  the  intervals  between  the 
notes  as  seen  in  Fig.  1. 
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"if  No  need  to  crystal  gaze  into  the 
future  of  electronics.  For,  as  we  at 
National  Sdentifk  Products  Company 
engage  in  secret  wartime  electronic 
developments,  many  peacetime  appli¬ 
cations  of  these  very  same  electronic 
principles  are  revealed  daily. 


New,  cost-saving  electronic  designs  which  are  applicable  to 
post-war  products  ranging  from  radios,  lighting  units,  thermal 
devices,  timing  and  measuring  instruments,  electrical-therapy 
machines  and  door  openers,  to  a  host  of  other  peacetime 
hems,  are  everyday  occurrences  in  National  laboratories. 

If  your  post-war  product  incorporates  a  tube,  singly  or  in 
combination  with  an  electrical  control,  or  other  electronic  or 
electrical  unit,  we  are  prepared  to  make  specific  recom¬ 
mendations  to  bring  it  to  maximum  efficiency. 

Write  today.  Your  inquiry  will  receive  prompt  attention. 


In  the  first  line  are  the  letter 
names  of  the  notes  of  the  scale,  in 
the  key  of  C,  in  the  second  line  are 
the  ratios  of  their  frequencies  to 
the  leading  note,  and  in  the  third 
are  the  musical  names  of  the  inter¬ 
vals  obtained  by  sounding  together 
each  of  the  notes  of  the  scale  with 
the  leading  note.  These  intervals 
form  a  version  of  the  diatonic  scale 
called  the  Just  Scale.  The  fourth 
line  shows  the  frequency  ratios  be¬ 
tween  adjacent  notes.  It  will  be 
noted  that  three  sizes  of  intervals 
exist,  those  represented  by  pitch 


NATIONAL  SCIENTIFIC  PRODUCTS  COMPANY 

Designers  and  Manufacturers  of  Electrical  and  Mechanical  Devices 


5013-25  NORTH  KEDZIE  AVE.,  CHICAGO  25,  ILLINOIS 


Fig.  1 — The  7-note  Just  Scale  in  the  key 
oi  C  (the  natural  key).  This  is  hinda* 
mental  in  Western  culture,  and  is  the 
idealized  form  oi  the  scales  in  actual 

use 
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WALSCO  PnadtuM. 
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WAISCO  CAN  GIVE  PROMPT  DELIVERIES 


Wc  specialize  in  manufacturing 
cords  and  cord  assemblies,  such 
as  those  used  in  aircraft  and  by 
manufacturers  of  communica¬ 
tion  and  electronic  equipment. 
We  also  make  plugs,  sockets, 
switches,  jacks,  connectors  and 
special  parts,  such  as  Relay  and 
Junction  Boxes,  etc. 

OTHER  WALSCO  PRODUaS:  Besides 
these  items  we  make  a  full  line 
of  WALSCO  Radio  and  Elec¬ 
tronic  Parts  for  maintenance  and 
repairs;  Radio  Chemicals,  Ce¬ 
ments,  Contact  Lubricants, 
Cleaners  and  Lacquers;  also 
small  Radio  Hardware  including 
Springs,  Screws,  Small  Stamp¬ 
ings,  Dial  Cables  and  Cords, 
and  Belts. 

QUAUTY  CONTROL:  To  assure  perfett 

and  uniform  products,  all  raw  materials 
and  all  pans  furnished  by  sub-contraaors 
are  thoroughly  tested  and  checked  by  ex- 
pen  inspeaors  before  going  into  produc¬ 
tion.  Breakdown,  insulation-resistance  and 
other  required  measurements  are  made 
regularly  in  our  laboratory,  which  is 
equipped  with  the  newest  and  best  test 
equipment. 

INSPECTION:  Our  inspectors  constant  I  \ 
check  all  produas  in  process  as  well  as  the 
completed  units.  Government  inspectors 
are  in  constant  attendance  at  our  plant  and 
Air  Corps,  Signal  Corps  and  Navy  Inspec¬ 
tion  is  available  for  units  made  to  Govern¬ 
ment  Specifications.  New  and  more  effic¬ 
ient  production  methods  have  been  devel¬ 
oped  which  enable  us  to  supply  better 
products  at  a  lower  price. 

Catalog  No.  44- B  covering  these  items 
on  request. 


ratios  of  9:8,  10:9  and  16:16.  The 
two  large  intervals,  9:8  and  10:9 
are  called  a  tone,  and  the  smallest 
interval,  16:15,  a  semi-tone. 

Three  triads  or  groups  of  three 
notes  are  considered  the  foundation 
of  the  system  of  harmony.  These 
chords  are  the  triads  having  fre¬ 
quency  ratios  4:6:6  formed  with 
their  lowest  note  a  fifth  below  the 
key  note,  on  the  key  note,  and  a 
fifth  above  the  key  note.  In  the 
octave  shown  above,  these  triads 
are  CEG,  FAC,  and  GBD,  giving 
the  arrangement  of  Fig.  2.  These 
three  triads  define  every  note  in  the 
diatonic  scale  and  fix  the  ratios  at 
the  values  listed  above. 

The  Tempered  Scale 

It  is  apparent  that  none  of  the 
possible  ways  of  setting  up  a  scale 
— progressions  by  fifths  (frequency 
ratio  3:2),  by  fourths  (frequency 
ratio  4:3),  or  by  thirds  (fre¬ 
quency  ratio  6:4) — will  give  the  oc¬ 
tave  note,  since  all  these  ratios  are 
prime  to  one  another.  The  ex- 


Fig.  2 — The  Uir**  major  triads  (triad 
chord  =  of  thro*  notos).  Those  ore  the 
chief  foundatioii  of  harmony  as  em¬ 
ployed  in  Western  music 


tremely  complicated  treatment  of 
diatonic  scale  structures  that  ex¬ 
ists  in  musical  literature  is  brought 
about  solely  by  the  fact  that  the 
tone  sources  of  traditional  instru¬ 
ments  cannot  be  adjusted  in  fre¬ 
quency  to  form  a  new  scale  for  each 
:  key  change.  Figure  3  shows  the 
i  difficulty  graphically, 
j  The  Tempered  Scale*  (Scale  of 
i  Equal  Temperament)  is  universally 
used  today  for  keyboard  instru- 
j  ments  and  therefore  nominally  by 
^  all  musicians.  It  is  based  on  the 
simple  arrangement  that  an  octave 
is  divided  into  twelve  equal  inter¬ 
vals  of  a  semi-tone,  each  of  which, 
therefore,  has  a  frequency  ratio  of 
the  12th  root  of  two.  This  scale  has 
the  great  virtue  that  it  permits 
modulation  without  limitation.  In 
!  music,  modulation  means  a  change 
in  key,  i.e.,  an  overall  shift  in  fre¬ 
quency. 

This  is  shown  graphically  in  Fig. 
4.  It  has  the  disadvantage  that 
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For  the  next  higher  range  of  absolute  pressures,  as 
backing  diffusion  pumps,  etc.,  KINNEY  Single 
Stage  Pumps  are  available. 


Bulletin  18  includes  complete  descriptions  of 
Kinney  Pumps  with  capacity  and  dimension  tables, 
and  efficiency  curves.  Send  today  for  your  copy. 


KINNEY  MANUFACTURING  CO. 


3545  WASHINGTON  ST. 


BOSTON  30,  MASS. 


•roaefc  OfHcat:  x 

Heiw  York  •  Ckkogo  •  Lot  Aogolos  •  Philodolpkia  •  S«>  Froocbco  4 


KINNEY 

COMPOUND  DRY  VACUUM  PUMPS 

KINNEY  Compound  Dry  Vacuum  Pump,  using  the 
well-known  mechanism  of  the  time-tested  Single 
Stage  Dry  Vacuum  Pump,  maintains  low  absolute 
pressures  in  the  production  of  lamps  and  tubes,  and 
for  many  other  operations  requiring  absolute  pres¬ 
sures  down  to  0.5  microns. 


i  SIGNAL  CORPS  JOB  SUGGESTS 
i  POSTWAR  USES  FOR  TRANSFLEX 


Tronsnex  tubing  withttandt  re¬ 
peated  deformation  by  the  cam 
uted  to  start,  reverse,  or  com¬ 
pletely  stop  the  flow  of  ink  from 
reservoir  to  pen  It  biso  is  resis- 
tont  to  the  com  and  recess  lubri¬ 
cant  (Partially  assembled, 
underside  view.) 


TrinHeK  rode,  at  Hie  pointt 
•liawn,  obtarb  ever  M,000  jelH 
i«  Hve  iniiMrtee  wliefi  the  necee- 
leiHy  etsrrdy,  eecillating  pen 
recarde  mesHipee  at  400  worde 
par  HMMwte. 


For  code  recording  field  communications  equip¬ 
ment,  the  U.  S.  Signal  Corps  needed  a  flexible 
tubing  which  would  satisfactorily  convey  special 
quick-drying  ink,  without  swelling,  and  also  with¬ 
stand  frequent  compression  over  a  wide  range  of 
atmospheric  temperatures.  Transflex  Extruded 
Plastic  Tubing  was  found  wholly  suitable.  In  the 
same  equipment,  short,  resilient  rods  were  needed 
to  restrict  action  of  the  recording  pen  and  to  cushion 
its  10,000,  and  more,  vibrations  per  minute.  Again, 
Transflex  met  all  requirements. 

As  a  result  of  the  two  series  of  tests.  Transflex 
rodding  and  tubing  are  used  in  the  Waters-Conley 
inked  Tape  Recorder,  now  serving  our  troops  in 
advanced  combat  positions  and  message  centers. 

This  war-time  evidence  of  the  usefulness  of  Trans¬ 
flex  rods  and  tubes  is  a  preview  of  their- post-war 


effectiveness  in  many  kinds  of  mechanical  and . 
electrical  applications  ...  as  unusually  versatile 
components  of  many  products  now  being  improved, 
developed  and  planned. 

Transflex  was  originally  designed  for  use  as  elec¬ 
trical  insulation  and  hundreds  of  thousands  of  feet 
already  in  service  testify  to  its  dielectric  strength 
and  ability  to  stand  physical  abuse.  It  has  a  high 
degree  of  transparency,  and  resists  the  effects  of 
moisture,  oil,  gasoline,  alkalies,  acids,  and  sub-zero 
temperatures. 

Not  only  Transflex,  but  the  entire  line  of  Irv¬ 
ington  Extruded  Plastic  Tubings,  performs  reliably 
under  varied  and  often  difficult  conditions.  For  a 
booklet  describing  each  tubing  in  detail,  or  further 
assistance  in  the  seleaion  of  tubing  for  your  present 
and  post-war  products,  please  write  Department  106. 


RVINGTON.  VARNISH  &  INSULATOR  COMPANY 

IRVINGTON  11,  NEW  JERSEY,  U.  S.  A. 

Plantt  at  Irvington,  N.  J.  S  Hamilton,  Ontario,  Canada  *  Reprttontativot  in  20  principal  citie* 


extruded  plastic  tubing'  •  FIBRON  PLASTIC  TAPE 
marvel  a  IRVINGTON  INSULATING  VARNISHES  • 


•  CARDOLITE  RESINS 
VARNISHED  INSULATIONS 
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many  of  the  harmonic  interviUs 
are  quite  inaccurate.  Fortunately, 
the  interval  of  a  fifth  (nominal  fre¬ 
quency  ratio  8:2)  is  very  close  and 
this  is  the  most  important  interval 
in  harmony.  However,  the  inter¬ 
vals  of  a  third  and  a  sixth,  which 
are  also  of  frequent  occurrence,  are 
very  poor,  being  about  a  third  of  a 
semi-tone  too  large.  The  Tempered 
Scale,  therefore,  presents  the  dis¬ 
advantages  that  many  subtle  effects 
in  music  which  depend  on  varia¬ 
tions  in  consonance  of  different  in¬ 
tervals,  are  largely  obscured  by  the 
fact  that  intervals  which  should 
sound  quite  consonant,  such  as 
thirds,  are  somewhat  dissonant. 


Ingenious  New 

Technical  Methods 

Presented  in  the  hope  thot  they  will 
prove  interesting  end  vsefvl  to  yov* 


C  Major  C  p  E  F  G  A  E 

D  Major  D  E  F*  6  A  t 

Bt,Mqior^  C  D  E,,  F  G  A  Bt, 


Fiq.  3 — Th«  •H*ct  oi  changing  kny  In 
Um  Just  Seal*  is  to  shut  Uis  froqnsnciM 
of  soms  of  tho  notos;  this  is  nocossory 
bocauss  of  tho  unsgual  intorrals.  Loga¬ 
rithms  of  tho  ratios  or#  plottod 


Precision  Ground  Gloss  Gages 
Afford  Visibility  in  Inspection 


By  virtue  of  its  make-up,  the 
Tempered  Scale  has  the  same  har¬ 
monic  intervals  in  any  key.  In  the 
Just  Scale,  when  an  instrument  is 
tuned  in  one  key,  the  harmonic 
structure  is  changed  perceptibly 
for  the  other  keys,  if  the  instru¬ 
ment  is  not  retuned.  In  the  Tem¬ 
pered  Scale  a  change  of  key  means 
only  a  change  of  pitch.  The  graph¬ 
ical  comparison  of  the  Tempered 
and  Just  Scale  intervals  is  shown 
in  Fig.  5. 

Helmholtz* »  Views 

The  shortcomings  of  the  Tem¬ 
pered  Scale  have  been  familiar  to 
musicians  and  physicists  alike  since 
it  was  first  adopted.  Helmholtz  in 
1860  pointed  out  its  serious  defects 
and  suggested  that  in  a  generation 
or  two  the  Tempered  Scale  might 
‘have  a  very  marked  effect  on  our 
acuteness  .of  appreciation  for  har¬ 
mony.  It  appears  that  his  predic¬ 
tions  have  been  fulfilled  to  a  large 
I  extent  and  that  the  return  of  a 
I  strict  perception  of  harmony  is 
only  possible  by  replacing  the  Tem- 
i  pered  Scale  with  the  Just  Scale. 

Helmholtz’s  comments  on  the  dif¬ 
ferences  between  the  Tempered  and 
the  Just  Scales  are  worth  quoting 
because  they  outline  clearly  the 
reasons  leading  up  to  the  work  de- 


In  the  hands  of  the  skilled  mechanic, 
glass  gages  bring  an  important  plus 
function  to  pi^^psion  gages.  It  not  only 
checks  the  new  tool’s  size,  but  gives  the 
inspector  an  idea  of  what  kind  of  sur¬ 
face  to  expect  from  that  particular  tool. 
The  visibility  permitted  by  the  glass 
gage  allows  the  inspector  to  see  the 
surface  in  blind  holes  as  well  as  through 
holes. 

Soma  the  apparent  advantages  of  the 
glass  gage  follow:  Glass  gages  afford 
visibility  in  inspection.  Glass  gages  are 
not  subject  to  corrosion.  There  is  less 
tendency  to  gall  in  some  applications. 
Sense  of  feel  is  more  pronounced  when 
using  glass  gages.  Because  the  thermal 
conductivity  of  glass  is  less  than  steel, 
body  heat  of  inspectors  will  not  he 
transmitted  so  rapidly  to  the  gage  to 
affect  gaging  dimensions. 

Chawing  gum,  too,  is  really  useful 
and  helpful  in  these  tense  times  to  people 
who  are  working  on  the  production 
front  making  material  for  our  war  effort. 
But,  our  Armed  Forces  have  been  con¬ 
stantly  increasing  their  demands  for 
Wrigley’s  Spearmint,  Doublemint  and 
Juicy  Fruit.  It  is  only  natural  that  we  and 
you  both  feel  that  the  needs  of  our  fight¬ 
ing  men  and  women  come  first. 


<M«»t  gagat  sr*  not  cubiact  »• 
carraaian  ar  nial. 


Viswal  inapactian  af  awrfaca 
caincMant  with  inapactian  far  aisa. 


You  can  get  complete  information  from 
Industrial  Glassware  Division  of  the 
T.  C.  Vheaton  Co.,  MillvilU,  N.J. 
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STERLING  BOLTS 


STERLING  BOLT  COMPANY  •  211  W.  JACKSON  BLVD.,  CHICAGO  6,  ILL 


MACHINE  SCREWS  for  Electronic  Manufacturers 


if  Precision  made  for  any  fastening  job 
if  One  source  of  supply  to  contact 


Your  production  and  assembly  operations  are  more 
efficiently  performed  when  the  exactly  right  size  and 
type  of  fastening  is  specified.  This  means  faster,  better 
and  more  economical  fastening  operations. 

That’s  why  you’ll  find  it  pays  to  take  advantage  of 
STERLING’S  consultation  service  and  one  source  of 
supply.  For  many  years  our  experts  have  been  success¬ 
fully  assisting  manufacturers  in  economically  solving 
fastening  problems.  You  do  not  have  to  compromise 
when  you  select  STERLING  products. 


Our  stock  is  complete.  Every 
metal,  every  size,  every  type  of  bolt, 
nut,  screw,  rivet  and  washer  are 
available  to  do  your  fastening  job 
the  way  it  should  be  done. 


Writ*  tedoy  and  tell  us  your  fas* 
tening  problem.  STERLING  usually 
has  the  right  answer. 


I  scribed  in  this  paper.  They  show 
that  the  deficiencies  of  the  Tem¬ 
pered  Scale  have  been  fully  rect^g. 
nized,  as  has  been  the  excellence  of 
the  (7-note)  Just  Scale.  And  yet 
'  until  the  present,  no  practical  solu- 
I  tion  has  been  obtained  for  the  ap- 
’  plication  of  the  Just  Scale  to  key* 
board  instruments. 

The  following  excerpts  are  from 
!  the  4th  English  edition  of  Helm- 
j  holtz’s  ^'Sensations  of  Tone”: 

“As  regards  musical  effect,  the 
difference  between  the  just  and 
the  equally  tempered  intonations,  is 
very  remarkable.  The  justly  in- 
i  toned  chords,  in  favourable  posi- 
I  tions  .  .  .  possess  a  full,  and,  as  it 
were,  saturated  harmoniousness; 

;  they  flow  on,  with  a  full  stress,  calm 
I  and  smooth,  without  tremor  or  beat. 
I  Equally  tempered  chords  sound  be- 
j  side  them  rough,  dull,  trembling, 
I  restless.  The  difference  is  so 
marked  that  everyone,  whether  he 
is  musically  cultivated  or  not,  ob 
serves  it  at  once.  .  .  . 

“It  must  not  be  imagined  that 
;  the  difference  between  tempered 
'  and  just  intonation  is  a  mere  math¬ 
ematical  subtlety  without  any  prac¬ 
tical  value.  That  this  difference  is 
really  very  striking  even  to  un¬ 
musical  ears  is  shown  immediately 
;  by  actual  experiments  with  prop- 
I  erly  tuned  instruments.  .  .  .” 


I  Fig.  4 — The  •fleet  of  changing  key  in 
the  Tempered  Scale  U  simply  to  shift 
the  pitch  of  the  music.  No  roadjustment 
of  the  scale  intervals  is  involTsd.  Loga¬ 
rithms  of  the  ratios  are  plotted 

It  must  be  realized  that  the  Teis- 
pered  Scale  has  been  adopted  solely 
because  it  will  permit  changing  into 
different  keys  without  any  change 
1  in  the  structure  of  the  music.  Since 
,  the  intervals  in  the  Just  Scale  are 
unequal,  if  a  modulation  from  one 
key  to  another  is  to  be  made,  then 
of  necessity  the  scale  must  be  read¬ 
justed  so  that  it  can  maintain  the 
exact  sequence  of  intervals  in  the 
key.  With  conventional  keyboard 
instruments,  this  is  not  possible 
and  the  Tempered  Scale  is  the  only 
practical  solution. 

At  various  times,  proposals  for 
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Our  equipment  of¬ 
fers  you  a  selection 
of  frequencies  up  to 
300  megacycles  — 
and  the  following 
power  range,  with 
stepless  control  from 
zero  to  fu'l  load: 


We’re  pioneers  in  high  frequency  lieating  with 
23  years  of  valuable  knowledge  and  experience — at  your  service. 
W'hat  we  have  learned  about  heater  unit  circuits  can  prevent  you  from  making 
costly  errors  in  equipment  selection  and  application. 

Our  extensive  line  of  equipment  offers  you  the  widest  range  of  power  and 
frequency  combinations.  Choice  is  not  limited  to  ^standard”  units.  Let  a 
pioneering  specialist  solve  your  heating  problems  by  giving  you  exactly  the 
right  installation  for  your  applications.  It  will  pay  you  to  get  in  touch  with 
us  before  you  choose  ANY  high  frequency  heating  unit.  Write  us  today. 


DIVISION  OF  “S”  CORRUGATED  QUENCHED  CAP  COMPANY 

119  Monroe  Street  Garfield,  New  Jersey 
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FOR  PRECISION  PROCESSING 

#  ’  shcim-jn  i.overjjif”  i>r  precision  proiessitif: ?  Manufacturers  who  put 
tluir-  pr(-iuction  prof:ranis  on  "cost  hased  on  etfufency”  scheciules  neser 
iu'Uatc  in  I  fU  IH  selection  of  sub-zero  testing:  ancj  processing;  equipment. 

I!u>  know  that  Kold-Holcl  equipment  is  productioneerecl*  to  insure 
the  capa.itc  and  temperature  best  suited  to'  fit  specific  cold  processing 
application. 

lhc\  know  that  "shotgun  coverage”  gives  them  extra  compression 
ar.d  cActvs  refrigerant  (which  thev  can’t  utilize)  at  a  higher  initial  cost 
Kolcj  Hold's  precision  processing,  obtainable  with  Kold-Hold  Sufs 
/cr..  maihines,  assures  vou  efficient  handling  of  the  job  for  which  the  unit 
w  .Is  intended^  .  Here  are  several  suggestions  from  Kold-Hold’s 

.'standard  lines. 


2.0  &  4.0  Cu.  Ft.  capacities  at  — 45*  &  —60* 
F.  Kold-Hold’s  most  popular  models.  High 
efiBciency,  low  cost  maintenance  and  port¬ 
ability  have  established  their  acceptance  in 
rivet  storing,  aging  of  steel  and  steel  parts, 
chemical  prcKessing  and  pitch  removal  from 
optical  lens.  Designed  for  heavy  duty. 


5.4  &  11.0  Cu.  Ft.  Capacities  at  —45*  & 
— 60*  F.  Virtually  every  application  utiliz¬ 
ing  sub-zero  processing  can  use  these  units 
to  good  advantage.  VC^erever  — 45*  to 
— 60*  F.  temperatures  in  these  capacities  is 
specified  for  cold  processing,  Kold-Hold  units 
in  this  series  are  selected.  In  expansion  fit¬ 
ting,  aging  of  metals,  aluminum  alloy  storage 
and  numerous  other  applications,  these  ma¬ 
chines  provide  reliable,  fast,  efficient  low 
:;niperature  performance. 


5.0  &  11.0  Cu.  Ft.  Capacities  as  — 75®  & 
— 90®  F.  For  real  "bottleneck-breakers”  these 
Kold-Hold  machines  are  unequalled  in  pro¬ 
cessing  and  testing  of  materials  (including  ex¬ 
pansion  fits,  stabilizing  steel  and  hardening 
of  metals).  Portability  of  these  machines  plus 
convenient  working  height  makes  them  adapt¬ 
able  for  use  anywhere  on  production  lines. 


Let  Kold-Hold  engineers  help  you  determine  which  capacity  and 
temperature  is  best  suited  to  your  cold  processing  application. 


MANUFACTURING  CO 


new  keyboards  have  been  made.  A 
complication  of  the  keyboard  is  not 
a  practical  approach  to  the  prob¬ 
lem  because  of  the  considerable  dif¬ 
ficulty  it  adds  to  the  work  of  the 
performer.  It  is,  however,  the  only 
possible  approach  to  a  solution  in 
the  case  of  traditional  instruments. 

Electronic  Instrument  Possibilitm 

With  the  introduction  of  elec¬ 
trical  methods  of  producing  musi¬ 
cal  tones  we  have,  for  the  first  time, 
the  facility  offered  to  us  of  key 
changes  which  will  be  strictly  har¬ 
monious  on  an  instrument  tuned  in 
the  Just  Scale.  This  is  true  only 
because  the  frequencies  of  the  tone 
generators  of  electrical  instru¬ 
ments  can  be  instantaneously  and 
accurately  readjusted. 

That  complications  will  be  intro¬ 
duced  into  an  electrical  musical  in¬ 
strument  by  the  use  of  the  Just 
Scale  is  demonstrated  by  Fig.  3.  It 
is  seen  that  a  digital  on  the  key¬ 
board  must  have  access  to  a  con¬ 
siderable  number  of  slightly  differ- 


Tempentq  Scale 
E  F  6  A 


^Engineered  for  Production 
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Fig.  5 — Comparison  of  Tompored  and 
lust  Seals  intsrrols.  Logarithms  oi  ths 
ratios  or#  plottsd 

ing  frequencies  if  exact  harmonic 
ratios  are  to  be  preserved  in  all 
keys.  In  conventional  instruments, 
this  is  an  insurmountable  obstacle. 
It  has  been  judged  so  by  Helmholtz, 
and  all  other  writers  in  the  field. 

Electrical  musical  instruments 
are  not  new  in  themselves,  but  the 
idea  of  tuning  them  in  the  Just 
Scale  and  providing  means  by  which 
this  scale  can  be  adjusted  correctly 
for  each  key  signature  appears  to 
be  original.  It  is  entirely  credible 
that  such  an  invention  will  make  a 
profound  impression  on  musicians. 
Development  of  practical  forms  of 
instruments  appears  to  be  of  im¬ 
portance.  One  of  the  most  obvious 
ways  to  approach  the  problem  is 
to  take  a  highly-developed  existing 
instrument  such  as  the*  Hammond 
(Electric)  Organ  and  redesign  it 
in  such  a  way  as  to  make  this  pro¬ 
posal  workable. 

The  Hammond  Organ*  consists 
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ffOR  LOW  LOSS  IMSULATIOM. 

•wH.n  ,.o..  « r 

plastic  sh»«ls,  tubes  and  '®*  *  y,  y  replacing  caraniics  'f'  /"“"J 
tomparoble  to  ceramics,  “epical  Formica  choractenstics, 

„.s.  At  the  o  rap7d  productian  processes, 

reachinability  ond  adaptatio  P,^i„_Grode  Mf  66- 

Comparedt.  ceramic  ins«.a..rs  this  ^  Oration. 

has  high  mechomcal  strengtn 
„  u  as  good  as  other  g  odes  of 


"  “  '°I»ras°e‘ MflTJUng  used  for  antenna  bos . .  on 

rf, planes®  and  9'®""'*  ‘"‘'“““'a"*  H.at  resistant-for  such  application. 


Lhplanes  and  such  applications 

Other  glass  bose  grades. 

as  motor  slot  wedges.  _  „,t 


as  motor  slot  wedges.  „  j„,  „ot 

fp  41 -arc  resistant-for  ignition  ports  and  switc 

.upport  combustion.  g,owth-a  quolity  that  is 

All  of  these  grades  are  immune  to  fungus 
important  in  the  tropics. 

“The  Formica  «®'^’j;;,“,"’”„ed  Available  on  loan, 
how  it  •*  wado,  now  i 


ClMCINHAri  OHIO 
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of  a  number  of  rotary  generator 
driven  from  a  single  synchronous 
motor.  There  is  one  generator  for 
each  note  of  the  keyboard  plus  some 
extra  generators  for  harmonics  that 
lie  beyond  the  keyboard  range.  All 
these  generators  produce  tones 
which  lie  almost  exactly  on  the 
Tempered  Scale. 

It  should  be  noted  that  the  Ham¬ 
mond  instrument  in  its  harmonic 
make-up  differs  from  conventional 
pipe  organs  because  all  the  fre¬ 
quencies  used  in  the  synthesis  of 
any  musical  quality  lie  in  the  Tem¬ 
pered  Scale;  in  other  words,  natural 
harmonics  are  entirely  suppressed 
and  tempered  harmonics  are  sub¬ 
stituted.  This  avoids  the  serious 
clash  that  occurs  in  conventional 
pipe  organs  between  natural  har¬ 
monics  and  tempered  fundamentals 
which  lie  very  close  together.  In  no 
other  instrument,  to  the  author’s 
knowledge,  are  tempered  harmonics 
used,  and  while  the  results  may  not 
be  immediately  perceptible  to  the 
lay  ear,  the  characteristic  harmon¬ 
iousness  of  the  Hammond  Organ, 
which  becomes  apparent  after  some 
familiarity  with  it,  must  be  as¬ 
cribed  to  this  basic  improvement. 

Hammond  Organ  Modifications 

The  application  of  the  Just  Scale 
to  the  Hammond  Organ*  or  to  other 
instruments  of  this  general  charac¬ 
ter,  is  carried  out  as  follows:  The 
tone  wheels  and  gears  are  changed 
so  that  the  frequencies  of  the  gen¬ 
erators  lie  on  the  Just  Scale.  The 
motor  Is  coupled  to  the  main  drive 
shaft  through  a  15-position  gear 
set,  including  16  magnetic  clutches. 
Thus  the  drive  can  be  at  any  one 
of  16  speeds,  depending  on  which 
clutch  is  operated,  and  the  speed 
may  be  instantaneously  changed  by 
operating  any  other  clutch.  The 
clutches  are  operated  from  a  row  of 
16  pushbuttons  arranged  along  the 
base  of  the  instrument  and  intended 
to  be  actuated  by  the  left  foot 
These  pushbuttons  are  marked  with 
key  signatures  from  Cl  to  Cb  and 
(including  the  natural  key)  permit 
playing  in  16  major  and  16  minor 
keys.  This  appears  to  be  adequate 
for  practically  all  music  now  ex¬ 
istent. 

Operation 

When  the  pushbutton  for  the  key 
of  C  is  operated — that  is,  the  na¬ 
tural  major  key-^the  motor  speed 


In  base  to  plane  communication  one  of  the  vital  contrib¬ 
uting  factors  toward  the  accuracy  of  pin  point  tuning  is 
precision  geors,  ond  we  are  proud  to  say  that  QUAKER 
QTY  GEARS  are  playing  their  part  in  assuring  this  accuracy. 


uaker  City  Gear  Works 


W10-32  NORTH  FRONT  STREIT,  PHIIADEIPHIA,  PENNSYIVANIA 
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in  addition  to  the  many  standard 
SPEED  NUTS,  there  are  hundreds  of  other 
shapes  and  types  designed  to  perform  multi¬ 
ple  functions  and  combine  several  fasteners 
into  one.  These  SPEED  NUTS,  wherever  used, 
reduce  the  number  of  parts  in  an  assembly  and 
eliminate  the  unnecessary  handling  of  extra  parts. 

The  patented,  self-locking  SPEED  NUT  prongs  can 
be  incorporated  into  almost  any  shape  or  design 
to  meet  specific  assembly  requirements.  No  other 
fastener  possesses  such  flexibility  of  design. 

SPEED  NUTS  may  be  the  answer  to  your  assembly 
problem.  WeMI  gladly  review  your  specifications  and 
recommend  a  standard  or  special  SPEED  NUT  for 
your  particular  requirements. 

TINNERMAN  PRODUCTS,  INC. 


2106  FULTON  ROAD  •  CLEVELAND  13,  OHIO 


In  Canada  .  .  .  Wallace  Barnes  Co.,  Ltd.,  Hamilton,  Ontario 
In  England  .  .  .  Simmonds  Aerocessories,  Ltd.,  London 

^  FASTEST  THING  IN  FASTENERS 


*Trad«iiiark  Rag.  U.  S.  folant  Offic* 


ig  guch  that  middle  A  ig  440  cycles 
per  second  and  all  other  tones  on 
the  keyboard  are  exactly  in  the 
Just  Scale.  The  instrument  then 
can  be  played  in  the  key  of  C  in 
the  Just  Scale.  There  is  no  ques¬ 
tion  of  the  use  of  tempered  or  na¬ 
tural  harmonics.  A  number  of  ad¬ 
ditional  generators  must  be  added 
in  each  octave  to  take  care  of  sfime 
harmonics  of  notes  other  than  the 
key  notes. 

If  it  is  wished  to  changed  the  in¬ 
strument  so  that  it  can  be  played  in 
the  key  of  E,  then  the  pushbutton 
marked  “E”  is  depressed.  This  will 
release  the  “C”  clutch  and  operate 
the  “E”  clutch  and  the  speed  of  the 
main  drive  shaft  will  be  changed 
to  5/4  of  its  former  speed.  The  in¬ 
strument  will  therefore  be  raised  in 
pitch  in  the  ratio  of  5/4  and  upon 
playing  on  the  w’hite  notes  as  be¬ 
fore,  i.e.,  in  the  key  of  C  major,  the 
instrument  will  sound  in  the  key  of 
E.  Since  all  the  harmonics  and 
added  generators  are  changed  in 
the  same  ratio,  the  organ  is  still  in 
the  Just  Scale  and  this  scale  is  cor¬ 
rectly  tuned  for  the  key  in  which  it 
is  being  played. 

It  will  be  noted-  that  except  for 
accidentals;  in  major  keys  the  per¬ 
former  need  only  learn  to  play  on 
the  white  notes.  The  instrument 
then  always  plays  as  though  the 
music  were  in  the  natural  key  and 
it  sounds  in  the  key  corresponding 
to  the  pushbutton  which  is  oper¬ 
ated. 

Each  pushbutton  would  be  la¬ 
belled  with  the  key  signature.  For 
instance  one  of  the  pushbuttons — 
that  for  the  key  of  D,  say — would 
be  labelled  “D — 2#  major”.  To  each 
of  these  pushbuttons  would  be 
wired  a  small  illuminated  indicator 
with  the  same  label  as  the  push¬ 
button.  These  indicators  would  be 
mounted  in  a  row  between  the  two 
manuals  .so  that  the  organist  is  al¬ 
ways  aware  of  the  key  to  which  his 
instrument  is  tuned. 

A  Trdnajutyivg  hixtrumeni 

It  will  be  seen  that  this  organ  is 
a  transposing  instrument  and  that 
existing  music  could  not  be  readily 
played  on  it  unless  it  were  written 
in  the  key  of  C.  All  organ  music 
would  have  to  be  tran.scribed  to  this 
key,  with  the  key  signature  in 
which  it  is  to  sound  marked  sep¬ 
arately.  Minor  keys  would  have  to 
be  tran.scribed  to  the  naturally  cor- 


The  Automotic 
Robot 

Inspector  . 


CHECKS  A  CIRCUIT  A  SECOND! 


The  cccurata,  automatic  Rotobridga  is  on  a  24-hour  schadula  in  many 
plants,  chocking  all  typos  of  oloctronic  oquipmont  for  wiring  orrors,  for 
rosistanco  and  reactanco  values.  Robot-liko,  the  Rotobridgo  does  your  bid¬ 
ding — exactly!  Want  a  10%  rosistanco  tolerance  here?  A  25%  capacity 
tolerance  there?  You  get  it  with  the  Rotobridgo — as  you  want  it — and  no 
mistake!  And  when  the  Rotobridgo  spots  an  error,  there's  no  mistake  about 
that  either.  The  instant  a  defect  is  detected,  the  Rotobridgo  stops  dead — 
winks  a  warning  red  eye  until  Its  human  co-worker  records  the  number  of  the 
defective  circuit  on  the  inspection  tag  and  pushes  the  go  ahead  button. 

Vigilant  and  versatile!  Rotobridgo  answers  to  both  descriptions.  You  can 
put  it  to  work  on  several  small  sub-assemblies  or  on  a  complete  set,  involving 
as  many  as  120  circuits.  If  you're  confronted  with  the  problem  of  inspecting 
a  30  or  40  tube  equipment,  you  can  put  two  or  three  of  these  tireless  robots 
to  work  simultaneously.  In  five  minutes — they  will  check  the  equipment 
over  for  you! 

Testing  of  complex  cable  harness  and  transformers  is  also  counted  among 
the  varied  applications  of  the  Rotobridge.  Write  for  complete  details  on 
this  and  other  C.  M.  L.  testing  equipment. 
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How  io  Outtlanh  a  Future  Fluw 


I 


Q«ALITY  CONTROL  OF  SPRINOS  AT  VARIORS  STEPS  IN 
MANRFACTNRE.  A(  Himtar— oil  produoa  tpriitgt  art  mthfuctud 
— IhraogAowf  Hta  votAhm  mmnufaeturing  ftagat— to  quaUty  con- 
holi  bamd  on  rialitlical  mtihodt.  Tht  noraal  dutribufioa  cwvoi 
(below)  Ahwhote  Ibo  progreiiiv  decreom  hi  rfevioliOH  onrf  cof 


reipewlmg  iecreeie  to  precntoo  to  Hmm  manufacturing  ttapu  The 
quality  cotorol  cborf  (ASA  itonrfordi),  mod  In  eonfunction  wHh 
larger  ecoto  periodic  taatplmg  during  OKmvfacfure,  delecft  or 
predkfi  manufacturing  uarialiom,  tSminatag  woito  and  auumi 
you  (prtopi  which  ora  ohoy  for  year  pppUcoUoii. 


booby  trapybdi 

yoa  rMMi  th*  Huator  Dnta 
7  {  >in4es  of  thin  book— crammed 
h  helpful  onBlneerinB  data  on 
denlRu  nnd  porformance  of 
1^-  at  the  olbow  of  en^* 
re  worklnR  on  nrar  products, 
jch  of  this  Information  can’t  he 
elaewbore.  Your  signature  on 
company  lettsrhend  will  start 
xiw  your  wny— at  no  cost  to  you. 


Maybe  you're  not  thinking  about  the 
future  aa  you  read  thia  ad.  But  auppooe 
you  are — and  you  have  a  world-beater  of  an 
idea  cooked  up  for  poet  war  release.  Into  it 
youVe  poured  midnight  oil,  imagination,  and 
just  plain  sweat.  To  make  it  work  let's  say 
you  need  one  or  more  springs.  Now,  springs 
are  usually  inconspicuous  Uttle  parts,  so  there 
is  a  temptation  to  underrate  them.  We  hope 
you  won't  make  that  mistake  Iweause  guess¬ 
work  and  luck  don't  make  the  kind  of  springs 
you  can  depend  on.  No,  the  springs  you  want 


should  be  as  meticulously  designed  as  your 
product  w  machine.  Hunt«r  (and  other  good 
springmakers)  brings  to  focus  on  your  spring 
a  thorough  understanding  of  the  mathematics 
and  metallurgy  of  springs,  years  of  experience 
and  research,  ingenious  methods  of  testing 
and  mspection ...  and  often  specially  devised 
instruments  and  exhaustive  reports  diagnos¬ 
ing  or  predicting  spring  performance.  In  a 
I’ritical  spring  the  scientific  springniaker  never 
guesses.  That's  why  we  can  say  confidently  you 
can  stake  your  reputation  on  a  llunterSpring. 
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tones  as  is  the  Hammond  Organ, 
^1.  with  reasonable  accuracy,  imi¬ 
tate  most  of  the  conventional  in¬ 
struments.  Using  this  sort  of  an 
instrument  as  a  basis,  the  author 
would  suggest  a  new  instrument 
tuned  in  the  Just  Scale  as  follows: 

A  row  of  pushbuttons  will  be  pro¬ 
vided  along  the  base  of  the  instru¬ 
ment  intended  to  be  operated  by 
the  left  foot.  These  buttons,  of 
which  there  will  probably  be  16, 
will  be  labelled  with  15  key  signa¬ 
tures  from  Cl  to  Ck  which,  in  the 
major  keys,  is  from  seven  sharps 
to  seven  flats  and  in  the  minor  keys 
from  four  sharps  to  ten  flats.  Each 
of  these  pushbuttons  will  operate  a 
12-contact  relay  and  the  circuit  is 
so  arranged  that  only  one  relay  can 
be  operated  at  a  time.  Above  the 
manual  appear  15  illuminated  sig¬ 
nals  which  indicate  which  relay  is 
operated.  To  each  of  the  12  con¬ 
tacts  of  each  relay  is  wired  a  small 
capacitor  and  these  are  the  tuning 
capacitors  of  the  12  oscillators. 

When  any  relay  is  actuated, 
therefore,  the  12  oscillators  are  ad¬ 
justed  to  frequencies  correspond¬ 
ing  to  the  12  capacitors  that  are  cut 
into  the  circuit.  Since  all  other 
tones  on  the  instrument  are  derived 


PORTABLE  ELECTRON 
MICROSCOPE 


% 


A  •uitcas*-mo<l*l  •Ivctron  microscop* 
for  op«rcrtlon  from  Iho  rogular  110-Tolt 
line  was  domoiutratod  rocontlr  to  tho 
Rodio  Club  of  Amarica  at  Columbia 
PniTsrsity,  N.  Y.  C.  Ton  timos  moro 
poworhil  than  tbo  host  light  microocopo, 
tho  unit  Is  shown  to  F.  A.  Klingon- 
Khmitt.  right  prosidont  oi  tho  clnh,  by 
Iqor  Bonson.  Gonoral  Eloctric  doToIop- 
mont  onginoor 


I  USE  IT 
EVERY  DAY 


-  ^  1'^ 

^  ‘  \T''^y  cy  V‘- 

- " 


HE  WHO  WROTE  iht  above  is  o 
switchbooid  operator  io  oo  oiti- 
oircralt  botteiy  soaewbere  overseos. 
Socb  ootiits  bove  doily  cootoct  witb 
coouDooicotioD  wire. 

Pictore  this  boy’s  tbriU  ot  seeing  the 
old  familiar  CORWICO  diomond  trade¬ 
mark  so  for  from  boom! 

We’re  shipping  o  lot  of  wire  over 
there . . .  tbot’s  why  it’s  so  scorce 
over  here  ... 


*  Excerpt  from  a  letter  to  William 
Ogert  of  Cornish  Wire  Com¬ 
pany  from  his  soldier  son. 
abroad  with  a  fighting  unit. 


cornish 


WIRE  COMPANY,  inc 

15  Park  Row,  New  York  City,  New  York 

"Made  Ifij  £n^lneexi  ^ox  Sln^lneexi 
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responding  minor.  The  key-signa¬ 
ture  indication  could  very  well  take 
the  form  of  an  added  note  below 
the  bass  staff  and,  as  far  as  the  per- 1 
former  is  concerned,  would  be  sim-l 
ply  one  more  note  to  be  played, 
which  he  could  play  with  his  left 
foot.  To  avoid  confusion  with  bass 
notes,  the  keynote  names  could  be 
used. 

Such  an  instrument  as  this  would 
be  learned  much  more  readily  than 
present  day  conventional  keyboard 
instruments.  The  student  would  no 
longer  be  obliged  to  master  the 
complicated  and  cumbersome 
.scheme  of  key  signatures  which 
music  has  evolved.  The  playing 
position  of  his  hands  on  the  key¬ 
board  would  never  be  changed  and 
the  black  notes  would  only  be  neces¬ 
sary  for  accidentals  or  for  minor 
keys.  The  student,  therefore,  would 
devote  the  major  part  of  his  energj- 
to  the  artistic  development  of  his 
music  rather  than  to  the  mastering 
of  the  mere  mechanics  of  notation. 

That  such  an  instrument  could 
not  be  put  into  use  immediately  is 
fully  appreciated;  that  an  instru¬ 
ment  of  this  general  character 
should  eventually  become  widely 
used  is,  however,  maintained.  A 
sufficient  interval  of  time  must 
elapse  to  permit  the  transcription 
of  a  large  amount  of  existing  music 
into  the  natural  key  before  such  a 
scheme  could  be  of  much  use.  The 
ultimate  advantages  are  beyond 
argument.  Such  a  transposing  in¬ 
strument  is  readily  evolved  from  a 
Hammond  Organ  or  similar  device 
because  of  the  simple  nature  of  the 
mechanism  for  speed  changing.  It 
wdll  be  apparent  that  the  transpos¬ 
ing  feature  can  be  readily  applied 
also  to  the  instrument  to  be  de¬ 
scribed  next. 


Altering  the  Novachord 
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Another  instrument  which  is 
adaptable  practically  is  the  Ham¬ 
mond  Novachord*;  this  is  typical  of 
all  instruments  which  obtain  their 
tones  from  vacuum-tube  oscillators. 
In  the  Novachord,  twelve  oscillators 
forming  the  top  twelve  notes  of  the 
keyboard  are  employed,  and  all 
other  tones  are  obtained  through  a 
frequency-dividing  and  harmonic¬ 
generating  system.  The  addition 
of  an  elaborate  control  system  al¬ 
lows  waves  of  any  general  charac¬ 
ter  to  be  produced.  The  instrument, 
not  being  restricted  to  steady-state 
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This  •rmatvr*/  when  completed,  is  destined  for  an 
important  mission.  It  is  being  wound  for  one  of  hundreds  of 
Eicor  dynamotor  designs — and  may  be  used  in  one  of  scores 
of  varied  applications.  One  factor  alone  remains  constant — the 
requirement  for  complete  reliability. 


Th«  acfiial  winding  of  an  armature  involves  a  number  of 
swift  but  precise  operations,  each  contributing  its  part  to 
make  the  perfect  assembly.  For  example,  insulation  of  the 
slots  and  coils  is  made  so  e£fective  that  it  withstands 
production  tests  of  three  times  the  normal  operating  voltage. 
Fine  wire,  chiefly  used  in  machine  winding,  requires 
specially  designed  equipment  and  an  experienced  touch  to 
hold  proper  tension  and  placement  for  exactly  the  prescribed 
numl^r  of  turns.  In  dynamotor  armatures,  two,  three,  or 
even  four  separately  insulated  coils  per  slot  are  used  to 
produce  single  or  multi-voltage  output.  The  illustration 
above  shows  the  secondary  winding  of  an  armature — in  this 
case,  51  turns  of  No.  35  wire. 


Built  to  transform  d.c.  voltages,  dynamotors  must  make  such 
conversions  with  comparatively  high  efiiciency,  good 
regulation  and  negligible  a.c.  ripple.  Proper  design  and 
construction  make  possible  the  countless  hours  of  sustained 

Performance  so  necessary  for  today’s  critical  applications. 
'hat's  why  Eicor  products  are  so  frequently  specified. 

'A 


En(S®El  IIp^^c  1501  W.  Congress  St.,  Chicago,  U.S.A. 

DYNAMOTORS  •  0.  C.  MOTORS  •  POWER  PLANTS  •  CONVERTERS 

import.  Ad  Awr/emo,  B9  Brood  Sf.,  Nen*  York,  U  S.  A.  Cohfe  Avrt^mo,  York 
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Laminated  Plastic  Air  Deflectors 


Intricacy  of  dasign  and  contour  of  typical  PANEL YTE  air 
daflactor  ia  ahown  in  photo  above.  Right;  Wright  Cyclone 
9^  ahowing  deflectora  and  puah-rod  housinga  in  place. 


ANOTHER 


OF  PANELYTE 


PANELYTE  baffle,  heat  treatment,  anodizing  and  paint¬ 
ing.  are  eliminated.  Life  expectemcy.  not  yet  deter¬ 
mined,  is  several  times' that  of  aluminum.  Baffles  are 
delivered  complete  with  both  rubber  and  metal,  ready 
to  assemble  on  the  engine.  Where  higher  temperatures 
are  encovmtered  asbestos  base  PANELYTE  is  used. 

Our  Engineering  Staff  will  work  with  you  if  mass 
produced  laminated  resinous  parts  (paper,  fabric,  as¬ 
bestos,  fibre  glass,  or  wood  ba^e)  can  save  you  money, 
improve  your  product,  or  increase  your  output. 


The  PANELYTE  deflector'  baffle  was  perfected  after 
two  years  extensive  cooperation  (engineering  and 
production)  with  Wright  Aeronautical  Corporation. 
Developed  as  a  substitute  for  (then)  critical  aluminum, 
PANELYTE  Baffles,  approved  by  Army  and  Navy  Air 
Corps,  were  adopted  at  that  time  by  three  large  manu¬ 
facturers  of  air-cooled  engines. 

These  deflectors,  completely  immune  to  corrosion, 
effect  a  weight -saving  of  20*/«,  withstand  wide  range 
of  temperature  change,  and  are  not  subject  to  vibra¬ 
tional  disintegration  or  fatigue.  They  have  been 
flown  more  than  300,000  miles.  In  the  case  of  the 


Write  for  PANELYTE  Data  Book, 


SoIm  Atlanta,  hottan,  Chicago,  Cincinnati,  Clavoland,  Dallas, 

Danvar/  Datroit,  Kansas  City,  Los  Angolas,  Montroal,  Now  Orioont, 
St.  Louis,  St.  foul.  Son  Francisco,  Soottlo,  Syracuso,  Toronto,  Tronfon,  Voncouvor 


MASS  PRODUCTION  OF  SHEETS,  RODS,  TUBES,  MOLDED  FORMS,  FABRICATED  PARTS 
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•  SPtCiAL  INDUSTRIAL 
APPLICATIONS 


Our  575'A  is  the  result  of  ^ 

concentrating  on  producing 
heavy-duty  half-wave  recti- 
fier  tubes  of  exceptional  per-  ^ 
formance  and  durability.  Typi-  ] 
cal  of  their  fine  construction  is 
the  filament  which  consists  of  an 
edge-wise  wound  ribbon  of  a  new 
alloy  which  gives  greater  thermionic 
emission  reserve  and  hence  longer 
tube  life.  Large  quantities  of  575- As 
are  used  by  the  Signal  Corps  and 
many  large  manufacturers.  Charac¬ 
teristic  performance  is  the  use  of  two 
tubes  for  full-wave  rectification  in 
single  phase  circuits,  which  delivers 
5000  volts  DC  at  3  amperes  with 
good  regulation. 

Filament,  5  volts,  10  amps.  Peak 
Inverse  Voltage,  15,000  volts.  Peak 
Plate  Current,  6  amps.  Write  for 
full  information  on'575-A  and  other 
high  voltage  rectifiers. 

ARPIN  MANUFACTURING  CO. 


from  the  12  tones  of  the  top  octave 
it  follows  that  all  the  frequencies 
on  the  keyboard  are  governed  by 
each  pushbutton. 

This  instrument  can  be  made  a 
transposing  instrument  such  as  the 
organ  already  described,  if  the  tun¬ 
ing  capacitor  is  chosen  of  such  a 
value  as  to  step  the  whole  octave 
upwards  or  downwards  by  a  uni¬ 
form  amount  as  different  relays  are 
operated.  It  can  also  be  arranged 
to  be  played  exactly  as  conventional 
instruments  are  played  by  merely 
adjusting  the  frequencies  of  the 
notes  of  the  octave  so  that  for  any 
desired  key  the  frequencies  will 
occur  in  the  correct  sequence.  We 
should  find  ourselves  with  an  in 
strument  which  is  played  exactly 
as  a  piano  or  an  organ  is  played  to¬ 
day,  but  which  will  sound  in  the 
Just  Scale.  It  will  be  possible  on 
this  instrument  to  have  an  addi 
tional  pushbutton  which  would  tune 
the  instrument  in  the  Tempered 
Scale  if  for  any  reason  this  were  de 
sired,  as  for  example,  in  order  to 

!  play  chromatic  music. 

I  Amplifier  Considerations 

'  One  of  the  design  difficulties  in 
electrical  and  electronic  musical  in¬ 
struments  is  that  the  nominal 
power  rating  of  the  amplifier-loud¬ 
speaker  system,  which  is  based  on 


ENTERTAINMENT  FOR 
WOUNDED 


422  ALDEN  ST. 


ORANGE.  N.  J. 


WATER-COOLED 
TUBE  REPAIR 
SERVICE 

Rebuilding  and  repoiring  of 
piticlically  all  types  of  water- 
cooled  tubes  is  an  important 
phase  of  our  business,  in  the 
-  average  case  we  can  guar- 
ontee  75%  of  the  life  of  the 
p  new  tube  at  approximote^ 
50%  of  the  original  cost...im- 
f  portant  in  these  days  of  tube 
shortages.  Send  us  your  tubes 
for  estimates  of  repair  cost. 


Patients  at  the  St.  Albans  Naval  Hos¬ 
pital  on  Lone  Island  are  entertained  10 
hours  a  day  from  this  Stromberg-Carl- 
son  control  cabinet,  operated  by  Lucille 
Ingebretson.  pharmacist  2C.  It  contains 
FM  and  AM  receivers,  an  automatic 
record  changer,  pre-ampliiier  and  moni¬ 
tor  speaker,  and  supplies  12  booster 
amplifiers  on  the  system 
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o  Tj  an 


No4Af>  in  nnjodnctUm  in 
UtA  loUcuiUn^  64^e4> 
lo^  eaniif  aeliue^ 

NAF  1148-4  AN  3060-6  AN  3054-1 
NAF  1148-6  AN  3061-4  AN  3054-: 
NAF  1149-4  AN  3062-4  AN  3054-! 
NAF  1149-8  AN  3062-8  AN  3066- 
NAF  1149-12  AN  3063-4  AN  3066-1 


I  negligible  distortion  for  a  sine 
I  wave,  cannot  be  approached  when 
complex  waves  formed  from  many 
harmonic  components  in  random 
phase  relation  are  transmitted.  This 
reduction  in  power  output  is  due  to 
j  the  possibility  at  any  instant  of 
I  the  amplitudes  of  all  the  compon¬ 
ents  adding  arithmetically,  so  that 
I  the  voltage  or  current  peak  is  the 
I  arithmetical  sum  of  all  the  com¬ 
ponents,  while  the  loudness  of  the 
power  output  is  only  the  root-mean- 
square  sum. 

I  In  an  instrument  tuned  to  the 
^  Just  Scale,  such  as  either  of  the  two 
described,  it  is  possible  to  fix  the 
I  phase  of  all  the  components  of  a 
I  tone  so  that  the  peak  amplitudes  of 
I  all  the  waves  could  never  add  up  at 
;  any  instant  Even  in  an  instrument 
'  tuned  in  the  Tempered  Scale  this 
is  worth  doing,  since  the  octave 
components,  that  is  the  sub-har- 
!  monic,  and  the  second,  fourth  and 
i  eighth  harmonics,  are  exactly  cor- 
j  rect  and  a  precise  phase  relation 
I  can  be  maintained. 
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AN  3063*8  AN  3066*24  Sound  Psychology 


AN  3063*12 

Unionair  conduit  fittings  have  consistently 
earned  a  reputation  as  quality  products.  100% 
inspection  by  Unionair’s  skilled  staflf  is  insur¬ 
ance  that  their  high  quality  will  continue. 

Made  strictly  to  AN  and  NAF  standards. 


Junction  Box  Assemblies  —  Hydraulic  Fittings 
Conduit  Fittings  —  Junction  Boxes 

UNION  AIRCRAFT  PRODUCTS  CORP..  NEW 


You  CAN  DO  a  lot  with  sound.  You 
can  use  it  as  a  direct  emotional 
stimulus;  you  can  induce  a  physio¬ 
logical  basis  for  the  generation  of 
emotion.  With  sound,  you  can  con 
trol  metabolism;  you  can  increase 
or  decrease  muscular  energy;  you 
can  increase  respiration;  you  can 
increase  or  decrease  pulse  rate;  you 
can  control  the  threshold  of  sensory 
perception;  you  can  reduce,  delay, 
allay  or  increase  fatigue.  The  tech 
niques  for  accomplishing  all  these 
ends  exist.  It  is  susceptible  of  use 
as  a  part  of  an  artistic  idiom.  To 
the  extent  permitted  by  technical 
limitations,  it  has  been  an  element 
in  the  showman’s  art  since  there 
first  were  “shows”.  It  still  awaits 
full,  conscious  exploitation. 

The  control  of  sound  and  its  psy 
chological  and  physiological  effects 
are  described  by  Harold  Burris- 
Meyer  of  Stevens  Institute  of  Tech- 
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COMfANT 


INDUSTIIAI  ftODUCTS  DIVISION  • 
WIITItM  SAIIS  NiAOOUAtTIKt 


Its  astonishing  ability  to  resist  moisture  is  a  most 
important  characteristic  of  Lexel  insulating  tape.  Tests 
in  our  own  and  other  laboratories  show  that  it  is  98.4% 
moisture  resistant.  Without  special  treatment  of  any 
kind,  this  naturally  results  in  more  efficient,  compact 
and  lighter  installations,  especially  valuable  in  instru¬ 
ments,  controls,  electronic  circuits  and  lead-in  and 
hookup  wires,  where  space  is  scarce. 

Additional  compactness  and  weight  saving  also  come 
from  the  fact  that  the  conductor  is  always  center-sealed. 
It  is  heat-sealed  in  a  continuous  helical  tube  of  tape 
throughout  every  inch  of  its  length.  No  extra  material 
is  needed  for  this  insurance,  against  off-centering. 

These  qualities,  plus  its  high  dielectric  strength  and 
insulation  resistance  have  gained  acceptance  for  Lexel 
in  a  wide  variety  of  military  applications.  They  will 
prove  equally  valuable  for  products  you  are  planning 
for  peacetime  production. 

We’ll  gladly  send  additional  details,  or  provide  test 
samples  of  Lexel  tape  or  insulated  wire  for  your 
experimental  use. 


CUSTOM-MADE  INSULATION 


As  a  regular  service,  Dobeckmun  engineers  also  develop  lami¬ 
nated  insulation  products,  custom-made  to  special  purpose 
specifications,  such  as  slot  cell  and  phase  insulation  for  motors, 
insulation  for  shipboard  cables  and  other  uses.  If  your  require¬ 
ments  are  unusual,  call  on  us. 


**LEXEL**  u  a  re^iatered  trade>BMrk  of  The  l^obeckmuo  ComfMDy. 


N.TH  LEXEL  INSULATING  TAPE 
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LET’S  ALL  BACK  THE  ATTACK -BUT  MORE  WAR  BONDS! 


nology  in  a  paper  m  which  the 
above  paragraph  appeared  and 
which  was  delivered  at  a  meeting 
of  the  Society  of  Motion  Picture 
Engineers  and  published  in  the 
Journal  of  the  Society.  The  paper 
notes  some  of  the.  implications  of 
the  application  of  sound  to  motion 
pictures. 

Included  in  the  paper  is  a  list  of 
five  methods  of  controlling  sound  in 
order  to  get  the  most  from  it.  The 
list  follows: 

(1)  Control  of  the  intensity  of 
the  sound.  The  dynamic  range 
must  be  from  several  db  below 
theater  ambient  noise  level  (in  a 
well-designed  theater,  this  level  will 
stay  substantially  below  40  db),  to 
at  least  120  db,  which  is  a  perfectly 
tolerable  intensity  with  tremendous 
effectiveness  when  used  with  dis¬ 
cretion.  Such  a  d3mamic  range 
must  not  be  accompanied  by  har¬ 
monic  distortion  at  the  i>eaks.  It 
must  be  possible  to  record  and  re¬ 
produce  sounds  with  steep  wave 
fronts  as  found  in  explosions  or  in 
some  compositions  of  Moussorgsky. 

(2)  Control  of  the  spectrum, 
which  involves  the  ability  to  get 
any  auditory  signal,  including  fre¬ 
quencies  above  and  below  audible 
range,  on  the  track  and  back  off  it 

I  again,  to  all  members  of  the  audi- 
I  ence.  It  means  remaking,  electron¬ 
ically  reprocessing  or  synthesizing, 
any  sound  to  give  it  any  predeter¬ 
mined  spectrum.  It  means  a  theater 
in  which  the  sound  is  so  distributed 
I  that  all  the  frequencies  on  the  track 
!  reach  everyone  in  the  house  at  sub- 
j  stantially  the  appropriate  levels. 

;  Only  with  such  control  of  spectrum 
will  the  drum  in  Emperor  Jones 
have  maximum  effectiveness,  or 
cause  the  opera-goer  to  prefer  the 
I  celluloid  to  the  stage  production. 

I  (3)  Control  of  reverberation. 
This  means  not  only  electronically 
controlled  over-all  decay  time,  but 
control  of  the  shape  of  the  decay 
curve  in  at  least  three  separate  fre¬ 
quency  zones.  It  means  theaters 
with  uniform  sound  decay  patterns, 
with  all  variations  therefrom  car¬ 
ried  on  the  film.  Then  an  organ  rec¬ 
ord  may  sound  like  a  cathedral  or¬ 
gan,  echoes  may  be  realistic,  and  a 
scene  in  a  tent  may  sound  like  a 
!  scene  in  a  tent. 

j  (4)  Control  of  the  apparent  di¬ 
rection  of  the  sound.  This  means 
having  the  sound  come  from  any 
point  in  a  sphere  surrounding  the 


NOT  FOR  GLORY 


This  is  no  war  for  glory.  This  is  a  war  in  which  all  the  vast 
mechanical  energy  of  the  greatest  industrial  nation  of  edl 
time  is  directed  toward  one  goal .  .  .  Peace. 


Webster  Electric  Company  for  many  years  has  been  one  of 
the  big  producers  of  quality  crystal  and  magnetic  pickups 
...  a  vital  part  in  the  superior  reproduction  quality  of  the 
radio-phonograph  sets  which  will  bring  relaxation  to  thou¬ 
sands  of  homes  in  these  war-busy  days. 


Much  of  Webster  Electric's  skill  in  their  manufacture  is  now 
being  devoted  to  important  war  tasks  .  .  .  helping  America's 
armed  forces  on  land  and  sea  toward  the  final  goal. 


One  day  .  .  .  soon,  we  hope  .  .  .  Webster  Electric  plans  to 
take  these  war-tested  and  proven  developments  and  pour 
them  forth  in  a  new  mold  as  better  products  for  peace. 


When  that  day  comes,  you  can  look  tc  Webster  Electric — 
builder  of  the  finest  in  crystal  and  magnetic  pickups — to  be 
ready  with  even  better  radio-phonograph  equipment  for 
your  pleasure. 


[Licensed  under  patents  of  the  Brush  Development  Company) 


WEBSTER  ELECTRIC  COMPANY,  Racin*.  Wiaeonsin,  U.  S.  A. 
Established  1909.  Esport  Dspt.:  13  E.  40th  St.,  New  York  (16),  N.  Y. 
Cable  Address:  "ARLAB"  New  York  City 


'Where  Quality  is  a  Responsibility  aad.Fair  pealing  an  Obligation 
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MICRO  SWITCH 

PROVIDES  A  LONG 
SNAP-ACTION  LIFE 


Why 


MICRO  (HE  SWITCH 

Made  Only  By  Micro  , Switch  Corporation  . . .  Freeport,  Illinois,  U.  S.  A* 


Micro  Switch  Corporation,  Freeport,  Ill. 
Branch**:  43  E.  Ohio  St.,  Chicago  (11)  •  4900 

Euclid  Ave.,  Cleveland  (3)  •  11  Park  PI.,  New  York 
City  (7)  •  1709  W  8th  St.,  Loa  Angeles  (14)  •  Sales  & 
Enoineering  OHices:  Boston  -  Hartford 

BUY  ALL  THE  BONDS  YOU  CAN 


Micro  Switch  provides  lightning-fast,  snap-action  control 
of  electric  circuits  with  reliable  and  positive  operation 
accurately  repeated  over  millions  of  cycles. 

This  performance  is  made  possible  by  use  of  the  unique, 
field  tested,  and  proven  operating  principles  of  the  Micro 
Switch.  The  snap  motion  of  the  Micro  Switch  contaa  is 
in  the  same  direction  as  that  of  the  operating  plunger. 
There  are  no  reverse  bends  in  the  Micro  Switch  spring, 
and  there  is  no  life-limiting  "oil  can"  action. 

The  exp>erience  of  design  engineers  with  millions  of 
Micro  Switches  in  a  great  variety  of  applications  has 
shown  performance  ability  and  operating  characteristics 
never  before  found  in  snap-aaion  switches. 

Its  small  size,  its  high  elearical  rating,  its  ability  to 
operate  satisfaaorily  for  millions  of  operations  on  minute 
movement  and  force  differentials,  its  availability  in  vari¬ 
ous  types  of  housings  and  a  wide  range  of  actuators  .  . . 
have  made  Micro  Switch  the  choice  of  design  engineers 
for  precise  operation  of  many  types  of  equipment. 

Micro  Switch  is  Underwriters’  listed  and  rated  at  1200 
V.A.,  at  125  to  460  volts  a.c.  Capacity  on  d.c.  loads  de¬ 
pends  on  load  characteristics.  A  wide  variety  of  basic 
switches  and  aauators  provides  charaaeristics  varying 
from  high  vibration  resistance  to  sensitivity  requiring 
only  2/1000  ounce  inches  of' operating  energy. 

Alicro  Switch  Handbook-Cainlog  No.  60  will  give  vou 
complete  details  as  to  electrical  characteristics,  con¬ 
struction,  applications  and  dimensions.  If  you  happen 
to  be  specializing  in  aircraft  equipment,  also  send  for 
Handbook -Catalog  No.  70. 


An  axploiion-proof  Micro  Switch 
it  ut*d  with  a  tproy  gun  to  cut 
off  th*  vontiloting  tyttoni  of  th* 
tproy  booth  automaticoNy  whan 
th*  gun  it  hung  up. 


Micro  Switch**  with  puth  button 
octuotort  or*  ut*d  ol  tofaty 
twitch«t  on  high  tontion  cabin*l 
doort.  A  normody  open  twitch 
breokt  circuit  at  door  it  op*n*d. 


Two  Micro  Switch**  with  spring 
typ*  plungers  or*  ut*d  to  intur* 
correct  position  of  material  in 
jigs  and  fixtures. 


Spring  plunger  Micro  Switch** 
serve  at  break  indkatort  in  tex¬ 
tile  and  paper  mill*. 


The  tradenserk  MICRO  SWITCH  i*  *ur  property  end  isieatiflet  twMcb**  mad*  by  Micr*  Switch  C*rp*rati*n 
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Micro  Switch  Operating  Principle 

Th*  operatifsg  principle  of  th*  Micro  Switch  at  illuttroted  here  it  simple 
and  fundamentally  correct.  Th*  long  member  of  the  orse-piece  tprirsg 
"C"  it  supported  at  o  cantilever  at  "M".  Th*  two  shorter  comprettion 
member*  of  the  spring  rest  in  tpeckiKy  shaped  (patented)  V*.  When 
th*  plunger  "E"  deforms  the  loitg  tension  member,  the  contilever  force 
overeomet  the  vertical  fore*  tsipplied  by  the  comprettion  members  and 
th*  free  end  of  th*  tprirsg  “A”  tnopt  th*  coistact  from  ots*  stop  to  the 
other  with  lightning -fost  speed.  Snap  action  in  the  reverse  direction 
occur*  when  th*  deformation  of  the  tension  members  of  the  spring  by 
plunger  "E”  is  removed. 


This  oise-piece  beryllium  copper  spring  it 
heat  treated  to  provide  the  high  fatigue 
resistance  necetsory  to  insure  a  minimum 
of  3,000,000  trouble-free  mechankal 
operations,  at  full  overtrovel. 


The  rivet  type  contoct  it  of  superfine 
whrer  99.95*?  psrre. 


The  operating  pkmger  it  a  highly  polithed,  herd, 
stasnlett  steel  pin  molded  into  on  accurate  Boke- 
lite  head.  This  head  is  to  shaped  that  it  cannot 
rotate,  hence  bears  on  the  switch  spring  at  the 
same  point  through  millions  of  operations. 


CLAROSTAT  VFG  CO .  Inc  285  7  N.  6th  St..  Brooklyn.  N  Y 


audience  —  from  the  projection 
booth,  from  below  the  stage,  from 
over  the  proscenium,  from  the  side 
wall,  or  from  no  place,  or  from  an 
apparently  moving  source,  i.e., 
starting  in  one  location  and  ending 
in  another.  It  means  freeing  the 
sound  from  the  spatial  limits  of  the 
screen  so  that  the  Angels’  Chorus 
can  be  heard  from  above,  or  the 
laughter  of  Lazarus  can  develop  the 
audience. 

(5)  Control  of  the  apparent  dis¬ 
tance  from  which  the  sound  comes. 
This  suggests  that  the  sound  must 
appear  to  originate  from  any  point 
or  area  in  a  sphere  of  any  size  sur- 
j'ounding  the  audience.  It  must  be 
able  to  move  along  a  straight  or 
curved  line  from  any  point  in  any 
sphere  to  any  point  in  any  other 
sphere;  for  example,  a  mile  behind 
the  projection  booth  to  a  point 
within  the  ear  canal  of  each  mem¬ 
ber  of  the  audience.  The  control  of 
apparent  distance  involves,  of 
course,  control  of  direction  and  con¬ 
trol  of  spectrum. 


VHF  Generators  and 
Titanium  at  Chicago  IRE 
Meeting 

The  limitation  of  negative-grid 
triodes  as  very  high  frequency  gen¬ 
erators,  particularly  due  to  transit¬ 
time  effects,  interelectrode  capaci¬ 
tances  and  lead  inductances,  were 
discussed  by  John  M.  Cage  of  Allis- 
Chalmers  Mfg.  Co.  at  the  March 
Technical  meeting  of  the  Chicago 
Section  of  IRE.  Brief  mention  was 
made  of  the  use  of  positive  grid  or 
retarding  field  and  magnetron  tubes 
for  taking  advantage  of  transit 
time  effect.  The  major  portion  of 
the  discussion  was  devoted  to  an 
outline  of  the  behavior  of  tubes  of 
the  klystron  type,  in  which  electron 
velocities  are  periodically  acceler¬ 
ated  and  decelerated  to  provide  elec¬ 
tron  grouping  or  bunching. 

The  history  of  titanium  com¬ 
pounds  as  dielectric  materials  was 
presented  by  G.  M.  Ehlers,  chemi¬ 
cal  engineer  of  Globe  Union,  Inc., 
who  pointed  out  that  a  survey  of 
literature  in  1927  showed  that  ti¬ 
tanium  was  not  used  as  a  dielectric 
previous  to  this  date  but  came  un¬ 
der  study  by  1932.  An  important 
feature  of  titanium  compounds  is 
that  they  are  tropic-proof.  His  talk 
served  as  an  introduction  to  a  tech- 


RESISTANCE  WINDING 
P  R  □  B  L  EvM  5 


-A*  Just  tara  that  rMistance-windlng  problem  oror  to 
Clarostot  Bpoclallits.  You'll  got  two  docadot  of  winding 
oxporionco,  outstanding  skilL  and  oxclusiTo  winding 
oguipmont. 

Clarostot  winds  all  wire  sixes  oTon  down  to  .0009"  dio. 
Windings  as  fine  os  600  to  700  turns  per  inch.  Round 
windings  up  to  1V4"  dio.  Flat  windings  to  IVi"  wide. 
Continuous  lengths  to  sereral  feet  long.  Intricate 
notched  strip  windings  cts  shown  at  left  and  olso 
tapered  strip  and  Toriable  pitch  windings,  for  compli¬ 
cated  controls.  String  windings  on  fibre  glass,  asbestos, 
cord. 

Solring  your  resistance-winding  problems  is  our  busi¬ 
ness.  Just  put  us  to  work  for  you. 


if  SUBMIT  YOUR  PROBLEMS  .  .  . 

If  you  ore  In  need  of  a  resistor,  control  or  resistance 
derice.  we  either  ht.ve  a  standard  unit  already  oroil- 
able  or  can  develop  a  special  unit  to  meet  your  unusual 
requirements.  Consult  ns. 


CUROSTKI 
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s  get  together! 


Xf  you  believe  in  the  future  of  America  as  we  As  a  mattei 
do,  then  we’re  asking  for  an  appointment  im-  gether  now, 
mediately  after  the  victory  has  been  won  . . .  oer  we  have 
when  a  bright  new  era  awaits  us  all.  both  can 

Perhaps  we  can  talk  about  a  coil  problem 

; . .  how  thoroughly  we’re  organized  to  help  erive  rot 
•  1  ,  ,  _  mine  to  coo 

you  on  such  a  problem  only  military  censor-  _  ii 

A'  '^1-1-  uous  metall 
ship  forbids  telling  now.  Or  it  may  be  that 

you  manufacture  your  own  coils  and  will  be  in-  General  offices: 

terested  in  discussing  magnet  wire— any  shape 

—any  insulation  that  your  operations  require.  Saia  Offic< 


As  a  matter  of  fact,  perhaps  we  can  get  to¬ 
gether  now,  but  if  it  happens  we  can’t,  remem¬ 
ber  we  have  a  date  in  and  for  the  future.  When 
we  both  can  keep  it,  you  can  again  take  advan¬ 
tage  of  Anaconda  service  and  the  benefits 
derived  from  the  single  product  control  "from 
mine  to  consumer”  backed  by  years  of  contin¬ 
uous  metallurgical  experience.  .  - 


ANACONDA  WIRE  &  CABLE  COMPANY 
General  Offices:  25  Broadwar. New  York  4 
Cbicaao  Office:  20  N.Wacker  DrtTe  6 
SiAtidiaty  •/  Atuutmd*  Ctpper  Mimms  Cm. 
Sales  Offices  in  Principal  Cities 
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This  f  a  mflki  r  trodeMnark 
symbolizes  the  bast  ef¬ 
forts  of  modem  research 
ond  prodvction. 


ANACONDA  WIRE  &  CABLE  COMPANY 


FLEXIBLE  in  Range 
RIGID  in  Qualiti^! 


nical  talk  by  Peter  Sherwood  on 
measurements  of  capacitance,  leak¬ 
age,  power  factor,  and  temperature 
coefficients  of  ceramic  dielectric  ca¬ 
pacitors.  This  consisted  largely  of 
a  discussion  of  the  three  or  four 
most  promising  methods  of  meas 
uring  these  electrical  quantities  and 
a  description  of  the  test  procedures 
developed  for  this  purpose  by  Globe 
Union- 

The  meeting  was  held  at  Radio 
City,  Milwaukee,  where  the  216  en¬ 
gineers  were  the  guests  of  the  Mil- 
w’aukee  Journal,  which  operates  the 
50-kw  f-m  station  WMFM.  The 
guests  visited  the  station  and  the 
new  studios  at  Radio  City. 


New  Math  Tables 

Four  new  volumes  in  the  series  of 
mathematical  tables  sponsored  by 
the  Bureau  of  Standards  have  been 
made  available.  They  are:  Table  of 
reciprocals  of  the  integers  from 
100,000  through  200,009  (VIII  -f 
204  pages),  $4.00;  Table  of  Bessell 
functions  J,  {z)  and  A  (2)  for  com¬ 
plex  arguments  (XXLIV  -f  406 
pages),  $5.00;  Table  of  circular  and 
hyperbolic  tangents  and  cotangents 
for  radian  arguments  (XXVIII  -|- 
412  page),  $5.00. 

The  volumes  are  bound  in  buck¬ 
ram  and  are  uniform  in  appearance 
with  those  previously  issued.  Publi¬ 
cation  of  the  volumes  has  been 
taken  over  by  Columbia  University 
Press,  Morningside  Heights,  New 
York  27,  N.  Y.  and  orders  should  be 
sent  to  this  address,  not  to  the  Bu¬ 
reau  of  Standards. 


X-RAY  ON  CRUISER 


■^WiLCO  sale?  and  engineering  representa¬ 
tives  are  familiar  with  both  Electrical 
Contact  and  Thkrmometal  application. 
Send  us  your  problems  for  analysis. 


The  H.  a.  ^  ilson  Company 
105  Chestnut  St.,  Mewarh,  N.  J. 
Branches:  Chicago  ★  Detroit 


The  medical  officer  on  a  new  light 
cruiser  x-rays  a  member  of  the  crew 
during  the  shakedown  cruise.  Officiol 
U.  S.  Nary  photograph 
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SIAHAR  rilST  CUSS 


Today  he  may  be  an  Admiral  Carlson  began  its  development  of  dence,  "There  is  nothing  finer  than 

—with  sound  equipment  dart-  electrical  communication  systems.  a  Stromberg-Carlson!" 

ing  his  orders  to  every  post  on  his  Since  then,  we  have  built  up  a  wide  Stromberg-Carlson  has  complete 
flagship,  and  in  instant  two-way  background  of  experience  in  their  facilities  for  the  production  of  elec- 
radio  contact  with  every  ship  and  i  design  and  construction.  This  _  tronics  equipment.  Don  t 

plane  in  his  command.  '  is  one  of  the  chief  reasons  overlook  Stromberg-Carlson 

But  back  in  his  "seaman  first  we  are  able  to  say  with  confi-  in  your  post-war  planning, 

class”  days,  once  a  sailor  left  port 
his  own  stout  lungs,  or  some  little 

signal  flags,  were  his  chief  means  STROMBERG-CARLSON 

of  communication. 

,  j  ROCHESTER  3,  NEWYORK 

In  this  relatively  tongue-tied 

world  of  fifty  years  ago,  Stromberg-  A  HALF-CENTURY  OF  FINE  CRAFTSMANSHIP 
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Examination  of 
Quartz  Crystals 

(Continued  from  page  117) 


The  glass  plate,  underneath  and 
accurately  perpendicular  to  the  rod, 
is  pressed  against  a  reference  bar 
while  the  crystal  is  being  cemented 
on  it.  As  soon  as  the  cement  hard¬ 
ens  the  swivel  fixture  can  be  sep¬ 
arated  from  the  crystal  by  soften¬ 
ing  the  wax  with  a  small  flame  or 
by  activating  a  built-in  electric 
heater.  Fixture  and  rod  are  with¬ 
drawn,  leaving  the  crystal  on  the 
glass  plate  and  ready  for  the  saw 
table.  There,  the  knowledge  of  the 
hand  of  the  crystal,  direction  of  the 
axes,  and  the  type  of  cut  to  be 
made  determines  the  final  setting. 

The  first  cut  is  taken  through  the 
routine  x-ray  examination  which 
determines  any  necessary  final  ad¬ 
justment  of  the  saw  table.  Since  the 
deviation  of  all  axes  from  their  cor¬ 
rect  orientation  will,  as  a  rule,  be 
small,  this  x-ray  check  does  not  in¬ 
volve  “hunting”  for  a  meter  re¬ 
sponse  as  may  be  necessary  with 
cuts  initially  farther  from  the  cor¬ 
rect  orientation. 

In  conclusion,  certain  precau- 


This  holder  is  a  symbol  of  things  to  come, 
when  you  will  be  designing  control  crystals 
into  raflio  receivers  and  other  electronic  de¬ 
vices.  As  that  time  nears  we  hope  you  will 
take  advantage  of  the  Pan-El  engineering 
staff  experience.  We  have  learned  a  great 
deal  about  the  nature,  the  use  and  the  pro¬ 
duction  of  crystals,  to  the  most  exacting  spec¬ 
ifications.  We  have  learned  how  to  bring 
down  the  cost  to  fit  into  your  post-War  price- 
hrackets.  All  this  experience  and  knowledge 
is  at  your  service,  without  obligation.  If  we 
can  help  you  use  crystals,  we  will  be  helping 
our  Industry.  So  feel  free  to  ask  our  aid  in 
your  planning. 


DIELECTRIC  HEATING 
OF  PREFORMS 


PAN-ELECTRONICS  LABORATORIES,  INC 
500  Spring  St.  N.W.,  Atlanta,  Georgia 


Th«  hi9h-fr*qu*nc7  gcBcrator  at  th« 
Mt  is  ussd  to  hoot  proforms  at  ths 
Plastics  Industrios  Tochnical  Institatt  is 
Los  Angolos.  It  prohoats  on#  pound  oi 
compound  por  minuto  boforo  molding  in 
tho  comprossion  pross  at  tho  right. 
Mad#  by  Airtronics  Mlg.  Co.,  o  division 
of  Aorocrafts  Corp-«  writ  te  oi  voluo 
in  rosoaich  dovolopmont  ond  practicol 
trodniag  of  studonts 
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A  Good  Firm 


to  Conned  Ulifh 


BRITISH  PLUGS 


/ 


/f 


^  C.C.  •50.343-1 

British  Rt«.  •lOH-418 
Signal  Corps  ffL-QI/O 


C.C.  ^50.397-1 
British  Ref.  fllOH-IWI 
Signal  Corps  =PL-170 


C.C.  f50.346-l 
British  Rtf.  •10-H-417 
Signal  Corps  #PL-P170 


Connector  Corporat/on 

4  01  O  R  I  II  BROAD  S  I . ,  P II  I  I  A  D  I  I  P  II  I  A,  P  A. 
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Aircraft  radio  instrumontt  or*  tMted  in 
thim  cold  chambor  at  65  deg  below  zero 
at  the  radio  dirlsion  of  Bendbc  Aeiatisn 
Corp.  Flexible  coTerinqe  over  the 
portholes  of  the  chamber  permit  the 
muff-coTered  hand  of  the  operator  to 
adiust  the  controls  of  the  equipment 


V  r“.  ?  ■  C-*-  . 


DELTABESTON 

PnoieciA> 


A  POWER  PLANT 
ON  WHiCS 


tipns  are  recommended  for  the  most 
efficient  use  of  the  rddometric 
method : 

(a)  For  cementing,  a  mixtui  e  of 
?herry-rosin  and  beeswax  is  suit¬ 
able.  Some  harder  cement  should 
be  built  around  the  mother  quartz 
before  the  final  sawing. 

(b)  The  window  should  not  be 
touched  directly  by  the  hand,  and 
should  be  kept  clean  at  all  times; 
this  applies  also  to  the  lenses  and 
the  oil  bath  in  the  rodometer. 

(c)  A  regular  check  for  align¬ 
ment  of  the  instruments  is  advis¬ 
able. 

Figures  4,  5  and  6  were  kindly 
supplied  by  Professor  Cady.  Grate¬ 
ful  acknowledgement  for  helpful 
suggestions  also  is  extended  to  Pro¬ 
fessor  J.  R.  Harrison  of  Tufts  Col 
lege  and  to  Mr.  John  M.  Wolfskin 
and  the  research  staff  at  Bliley 
Electric  Co.  of  Erie,  Pa. 
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ARCTIC  RADIO  TEST 


-1 


Hear  the  General  Elec¬ 
tric  radio  programs: 
••The  G-E  All-girl  Or¬ 
chestra"  Stttiday  10  P.M. 
EWT,  NBC  ••The  World 
Today"  news  every  week¬ 
day  6:45  P.M.  EWT, 
CBS. 

BUY  WAR  BONDS 


WHEN  a  four-motored  bomber  takes  off  it 
is  A  veritable  power  plant  on  wings  that  is 
similar  to  the  most  complex  central  station  ex¬ 
cept  for  size.  Power,  lighting  and  communica¬ 
tion  systems  and  instrument  wiring  are  installed 
throughout  the  plane.  These  installations  re¬ 
quire  aircraft  and  radio  hook-up  wires,  that 
must  operate  without  failure  in  the  most  ex¬ 
treme  climatic  conditions.  That’s  why  major 
aircraft  and  radio  manufacturers  protect  with 
Deltabeston  Aircraft  and  Radio  Hook-up  Wires. 

Deltabeston  Aircraft  and  Radio  Hook-up 
Wires  are  constructed  to  resist  intense  heat,  gas 
and  oil:  withstand  abrasion  and  vibration;  repel 
the  action  of  flame,  moisture  and  most  cor¬ 
rosive  vapors.  Thev  are  light  in  weight,  small 
in  diameter  and  extra  flexible.  Deltabeston  Air¬ 
craft  Wires  are  available  in  sizes  from  AN-22 
to  AN-2/0  and  fully  approved  under  Federal 
Specifications.  Deltabeston  Radio  Hook-up 
Wires  range  in  sizes  from  22  through  6  hut 
larger  sizes  can  be  supplied  on  request.  They 
are  constructed  in  low-  and  high-tension  types; 
also  available  with  tinned  copper  wire  shield. 

For  additional  in.^'ormation  write  to  Section 
Y545-119,  Appliance  and  Merchandise  Dept., 
General  Electric  Company,  Bridgeport,  Conn. 
Deltabeston  Wires  and  Cables  are  distributed 
nationally  by  Graybar  Elec.  Co.,  G-E  Supply 
Corp.  and  other  G-E  Merchandise  Distributors. 


GENERAL  ^  ELECTRIC 


2M 


t4ay  1944  — ELECTRONICS 


E 


A-27  LACQUER 


•  Data  for  the  curves  given 
below  was  obtained  from 
measurements  made  wi^ 
high  frequency  bridge  cir¬ 
cuit  apparatus.  .V 

(Sm  diagram  of  fypital  tirtuit) 


mtion 
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Q-MAX  A-27 

versus: 

TYPICAL 

INSULATING  COATINGS 


Unmatched  for  use  in  radio 
frequency  applications,  Q-Max  A-27 
has  a  low  loss  factor  which  remains 
nearly  constant  as  frequencies  increase 
from  1  megacycle.  Its  film  is  tough, 
uniformly  heavy  and  self-leveling;  it 
has  a  solids  content  of  45%  and  its  low 
viscosity  permits  either  brush  or  dip 
application.  A  study  of  properties  and 
test  values  of  this  new,  improved  in¬ 
sulating  lacquer  is  available  and  will 
be  sent,  on  request,  to  engineers  and 
manufacturers  in  the  radio  field.  Write 
for  the  Q-Max  A-27  booklet . .  #  twenty- 
four  pages  of  test  data,  photographs 


and  test  curves  valuable  to  those  inter¬ 
ested  in  insulation  for  high  frequency 
circuits. 

Q-Max  A-27  has  innumerable  appli¬ 
cations  in  the  R.F.  field.  Among  them: 
R.F.  solenoid  windings;  impregnation 
for  multi-layer  or  star  coils;  as  a  tape 
saturant;  as  a  stiffening  or  strengthen¬ 
ing  medium;  surfacer  for  wood  or 
other  porous  materials; 
treatment  of  R.F.  coils. 

V  Shipped  direct  from 
our  Jersey  City  factory, 
in  1-,  5-  or  55-gallo.i 
containers. 


Q-MAX  CHEMICALS  DIVISION 


PRODUCTS  COMPANY,  INC. 

^744  BROAD  ST.,  NEWARK  2,  N.  J.  •  FACTORY:  344  BERGEN  AVE..  JERSEY  CITY,  N.  J. 

Coaxial  Trantmistion  Lin*  and  Fittings  *  St*Hing  Switchas  •  Au!o-Dryair* 
Ant*nna  and  Radiating  Syst*mt  •  O-Max  A-27  Radio  Fr*qu*ncy  Locquor 
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NEWS  OF  THE  INDUSTRY 


other  motor-driven  household 

appliances . 

Domestic  heating  appliances 
Industrial  electric  furnaces.. 
X-ray  and  therapeutic  appara¬ 
tus  . 

Radio  transmitting  and  re¬ 
ceiving  apparatus  . 

Wire-communication  appara¬ 
tus  . 

Wiring  devices . 

Other  electrical  appliances, 


Quartz  and  tubes  for  civilians;  Canadian 
radar^lectronics;  Science  Talent  Search 
winners;  General  Ingles  tells  of  equip¬ 
ment  in  tropics;  Chicago  War  Produc¬ 
tion  Conference;  London  news  letter 


distribution  will  be  a  possibility: 

Millions 
of  dollars 

Generators,  converters,  arc 
welding  and  generator 

parts  and  accessories .  14.0 

Primary  batteries  .  6.3 

Secondary  batteries .  5.0 

Transformers  .  6.3 

Power  switches,  lightning  ar¬ 
restors,  etc .  4.0 

Power  switchboards .  2.0 

Meters  and  testing  equip¬ 
ment  .  6.5 

Motors  and  parts . 20.0 

Motor  controls  .  4.0 

Electric  locomotives  . .  2.0 

Station  and  warehouse  trucks  .4 

Portable  electric  tools .  2.0 

Electric  lamps .  2.0 

Lighting  fixtures .  6.0 

Electric  refrigerators .  24.0 


Surplus  Electronics 
Components 

A  CXJEARING  HOUSE  for  the  inter¬ 
change  of  inventories  of  surplus 
radio  and  electronic  components  be¬ 
tween  prime  contractors,  the  armed 
services  and  the  Radio  and  Radar 
Division  of  WPB  has  been  provided 
by  organization  of  a  Component 
Recovery  Section  in  the  Division. 
The  section  was  established  after 
the  program  was  recommended  and 
approved  at  various  WPB  Industry 
Advisory  Committee  meetings.  The 
plan  is  to  return  surplus  compon¬ 
ents  to  the  productive  stream  and 
thus  smooth  the  flow  of  production 
of  end  equipment  required  in  the 
greatly  increased  military  electron¬ 
ics  program  this  year. 

The  Component  Recovery  Section 
receives  idle  and  excess  inventory 
lists  resulting  from  cancellations, 
terminations  and  changes  in  prime 
contracts  and  also  surplus  inven¬ 
tory  lists  from  the  Armed  Services 
and  prime  contractors.  In  turn,  the 
Section  distributes  these  lists  to 
Army  contracting  officers  and  Pro¬ 
curement  Districts,  A  N  E  P  A 
(Army-Navy  Electronics  Produc¬ 
tion  Agency),  the  Radio  Material 
and  Supply  Officers  of  the  Navy  and 
to  prime  contractors  requiring  crit¬ 
ical  components. 


Total 


Quartz  Released  for 
Civilians 

The  permitted  uses  of  quartz 
crystals  have  been  extended  to  in¬ 
clude  purposes  other  than  military 
by  the  War  Production  Board,  in 
amending  Order  M-146.  Previously, 
crystals  were  available  only  for  war 
purposes. 

Quartz  crystals  may  now  be  u.sed 
for  manufacture  of  radio  oscillators 
and  filters  for  commercial  broad¬ 
casting  stations  and  communica¬ 
tions  systems  and  for  Governmental 
activities  directly  connected  with 
defense,  public  health,  welfare,  or 
security.  This  will  permit  police. 


BLIND  REPAIR  RADIOS  FOR  ARMY 


Possibilities  for  1948 

If  the  conditions  assumed  by 
“Foreign  Trade  after  the  War” 
(the  statistical  study  and  projec¬ 
tion  recently  made  by  the  Bureau 
of  Foreign  and  Domestic  Com¬ 
merce)  are  reached,  and  the  total 
exports  of  electrical  and  electronic 
goods  in  1948  amount  to  $195,000,- 
000,  then  the  following  estimated 


Mor*  them  2S0  radios  hors  boon  put  in  good  working  ordor  by  blind  studonts  at  tho 
Now  York  Instituto  for  tbo  Educotion  of  tbo  Blind.  Suppliod  by  tho  Spocial  Sorricos 
Dirision  of  tho  Army,  tbo  sots  oro  ropairod  by  the  studonts  and  rotumod  to  bo  sent 
to  hospital  ships,  comps  and  recreation  centers 
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Technical  Radio  Company 


275  Ninth  Str**t  •  San  Francisco,  California 
Export  Ag»ntt:  Frazar  &  Hanson,  301  Clay  St.,  San  Francisco,  California,  U.S.  A. 
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The  little  metal  tab  above  serves  to  illustrate  the 
extent  to  which  Techrad  engineers  go  in  the  produrtion 
and  development  of  superior  radio  equipment.  Instead 
of  considering  it  as  [ust  a  soldering  lug  Techrad  en¬ 
gineers  approached  it  as  a  major  projea.  As  a  result  of 
this  engineering  a  better  method  of  manufaaure  was 
born.  In  Techrad  products  you’ll  find  hundreds  of 
these  little  tabs . . .  forming  tap  switch  contaas,  connec¬ 
tor  panels  saving  time  and  confusion  in  produrtion. 


Years  of  experience  have  taught  Tech¬ 
rad  engineers  that  careful  attention  to 
details  is  what  builds  a  superior  prod¬ 
uct.  No  matter  how  minor  it  may  seem 
if  it  is  to  become  a  part  of  Techrad- 
made  equipment  you  can  depend  upon 
its  being  thoroughly  engineered  to  do 
the  job  well.  - 

The  value  of  such  careful  engineering 
is  clearly  evidenced  by  the  performance 
of  Techrad  products.  You’ll  appreciate  this  fact  once 
you  adopt  them  or  employ  the  assistance  of  Techrad 
engineers.  Such  assistance  is  available  to  you  with¬ 
out  cost  or  obligation.  Simply  write,  giving  details 
of  your  problem. 

Remember  Master  En¬ 
gineering  takes  nothing  for  TECHRAD 

granted . . .  not  even  a  solder-  ^  ■inniThw 

fnglug.  ii  I  Ilk 


It’s  tiny  but  it’s 
engineered  to  the  job 


forestry  service  and  similar  activ¬ 
ities  to  get  equipment  they  need. 

Quartz  for  the  manufacture  of 
optical  or  electrical  parts  for  use 
in  research  or  production  instru¬ 
ments  manufactured  to  fill  orders 
rated  AA-2X  or  better  has  also 
been  made  available. 


18  Million  Civilian  Tubes 

Ip  military  orders  are  completed 
and  if  facilities  and  labor  are  avail¬ 
able,  manufacturers  are  permitted 
to  produce  “over-runs”  above  quota 
of  vacuum  tubes  for  civilian  use. 
Because  of  this,  at  least  18,000,000 
“MR”  (maintenance  and  repair 
types)  tubes  are  anticipated  for  ci¬ 
vilians  this  year. 

Although  such  increased  produc¬ 
tion  will  not  meet  all  present  civil¬ 
ian  needs  for  radio  tubes,  the  War 
Production  Board  expects  it  to  im¬ 
prove  materially  the  current  short¬ 
age.  Because  of  the  backlog  of  de¬ 
mand  for  tubes,  longer  radio  listen¬ 
ing  hours,  and  the  use  of  old  or  re¬ 
paired  radios,  the  dumber  of  tubes 
needed  for  replacement  by  civilians 
in  1944  has  been  estimated  at  more 
than  41,000,000. 

The  WPB  directive  to  manufac¬ 
turers  to  trade  t3rpe8  each  manufac¬ 
tures  will  make  possible  more 
equitable  distribution.  This  would 
provide  each  company  with  a  bal¬ 
anced  stock  of  tubes  from  which 
jobbers  will  be  able  to  obtain  a  cer¬ 
tain  percentage  of  their  1941  pur- 
chaset^ 


An  Efficient,  Light~as~a^Peather 
Soldering  Instrument, 
Designed  for 

Speedy,  Precision  Production 

Here  is  the  ideal  soldering  iron  for 
hard-to-reach  work  . . .  overall  weight 
only  3.6  ounces  . . .  perfectly  balanced 
. . .  ruggedly  constructed . . .  with  long¬ 
life  replaceable  heating  element.  A 
dependable,  high  quality  instrument, 
designed  to  cut  production  time  and 
production  costs. 

Used  in  the  assembly  and  repair  of 
radio  and  Radar  apparatus  anj^elicate 
aircraft  instruments,  the  Ungar  Solder¬ 
ing  Pencil  affords  ease  of  operation  and 
added  economy  —  heats  in  90-seconds, 
draws  only  17 -watts.'^  Otigimlly  de¬ 
signed  for  smaller,  intricate  soldering 
operations,  it  can  also  be  used  to  great 
adavantage  for  handling  larger  bulky 
production  problems. 

The  complete  Ungar  Soldering  Pen¬ 
cil,  #207,  in  quantities,  sells  for  $1.00 
each.  Extra  #336  heating  elements  are 
50^  each.  Priority  required  on  all 
orders.  Immediate  delivery. 

Orders  Jor  Vi'iGAR  SOLDERING  PENCILS 
and  replaceable  Heating  Elements  are  now 
being  filled.  Direct  your  order  to: 

HARRY  A.  UNGAR,  Inc. 

615  Ducommun  St.,  Los  Angeles  12,  Calif. 


HANDLES  WITH  THE  EASE  OF  A 
FOUNTAIN  PEN 

Slim,  tapered,  heat-proof  plas¬ 
tic  handle  with  non-tiring  cork 
grip  — ideal  for  women  opera¬ 
tors.  Overall  length,  7-inches. 
Weight,  3.6  oz. _ 


REPLACEABLE  SOLDERING  TIPS 
.  FOR  EXTRA  ECONOMY  AND 
LONGER  LIFE 

Unscrews  like  a  light  bulb! 
When  long-life  heating  ele¬ 
ment  finally  wears  out,  just  un¬ 
screw  it  and  insen  new  tip. 
Replaceable  elements.  50<'. 


UNG'aK  SOtDCRING 
PENaiS 

New  Sovins  Tima, 
Money  ond  Effort 
,  u.S.  AtMY 
and  MAVY 
,  .  RADIO 

^  1  KUMUFACTOtERS  . 
AND  ENOINiWS 
.  INSTfUNfNT 

'  MAMUfACTUtiRS 

,  air  transport 

,  COI^ANIES 

*  tADtO 

^AINTENRNa  MEI 
.*'*  •  TEIEPMWE 

repair  men 

#  WIRING’ 

.  CONTRACTORS 


RMA  Electroiucs  Promotion 

Emphasis  on  the  important  part 
that  radio  and  electronic  manufac¬ 
turers  have  played  in  the  war  effort, 
will  be  placed  in  a  Radio  Manufac¬ 
turers  Association  campaign  plan¬ 
ned  by  the  RMA  advertising  com¬ 
mittee. 

The  opinion  was  expressed  by 
committee  members  that  the  pub¬ 
lic  had  not  been  sufficiently  in¬ 
formed  of  the  vital  part  the  radio- 
electronic  companies  had  played  in 
producing  essential  equipment  for 
waging  the  war.  Detafled  plans  for 
accomplishing  this  purpose  will  be 
developed  at  future  meetings  of  the 
committee  and  by  the  board  of  di¬ 
rectors. 


ELECTRONICS 


MULTI-SWAGE 

TERMINALS 


THE  MOST  ECONOMICAL  METHOD 


parts  from  flat  stock  or  rod  without  cutting 
away  metal,  either  externally  or  internally. 
MULTI-SVJ^GE  lends  itself  to  accurate, 
high-speed,  high-volume  produaion.  Our 
Research  and  Development  Division  will 
gladly  estimate  the  cost  of  producing  your 
small,  solid  or  hollow,  cylindrical  metal  parts 

by  MULTI- 
SWAGE. 


The  multi-swage  terminal  pins 

shown  above  cost  the  buyer  but  a  frac¬ 
tion  of  the  price  he  formerly  paid  for  similar 
parts  made  by  another  method.  Further¬ 
more,  the  MULTI -SWAGE  pins  are  gang- 
assembled  in  one  operation.  With  the 
machined  parts,  each  individual  terminal 
was  spun  in  separately.  This  saving  of  time 
and  money  is  tremendously  important  to  the 
manufaaurers  of  war  equipment.  It  will  be 
equally  important  in  readjusting  manufac¬ 
turing  cost  to  meet  post-war  competitive 
conditions.  , 

The  BEAD  CHAIN  MULTI-SWAGE 
PROCESS  automatically  forms  small  metal 


These  are  typical 
”  Multi  -  Swage”  prod¬ 
ucts.  This  process  will 
turu  out  large  volume 
speedily  while  main¬ 
taining  close  tolerances 
accurately. 


Back  the  Attack 


Buy  War  Bonds 
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THE  SILLCOCKS-MILLER  COMPANY 


OFFICE  AND  FACTORY;  10  PARKER  AVENUE,  WEST  •  MAPLEWOOD,  N.  J 
MAILING  ADDRESS  SOUTH  ORANGE,  N  J 


Canadian  Radar  and 
EUeetronics  Industry 

Facts  and  figures  on  the  produc¬ 
tion  of  communications  equipment 
in  Canada  were  disclosed  by  the 
Honorable  C.  D.  Howe,  Minister  of 
Munitions  and  Supply,  in  a  speech 
on  war  appropriations  made  in  the 
Canadian  House  of  Commons.  Ex¬ 
cerpts  from  the  speech  follow. 

“The  value  of  our  production  in 
communications  in  1940  was  one 
million  dollars,  in  1942,  60  million 
dollars;  and  in  1943,  136  million 
dollars.  The  radio  and  communica¬ 
tions  industry  is  now  operating  at 
a  level  some  eighteen  times  greater 
{han  in  1939.  We  have  orders  on 
our  books  to  the  value  of  400  mil¬ 
lion  dollars,  and  we  do  not  expect 
to  reach  peak  production  until  the 
second  quarter  of  1944. 

“There  are  approximately  4500 
different  items  in  current  produc¬ 
tion  by  some  fifty  prime  contractors 
and  several  hundred  sub-contrac¬ 
tors.  The  items  include :  Ampli¬ 
fiers,  antennas,  cable,  radio  com¬ 
passes,  remote  control  units,  radio 
direction  finders,  signalling  lamps, 
23  types  of  radio  transmitters, 
power  generators,  quartz  crystals, 
26  types  of  radio  receivers,  19  types 
of  transmitting  and  receiving  sets, 

6  types  of  telephones,  radio  tubes, 
and  switchboards,  to  mention  but  a 
few. 

Radar 

“Some  twenty  major  types  of 
radar  equipment  have  been  devel¬ 
oped  for  a  variety  of  applications, 
ranging  from  one  type  of  anti-air¬ 
craft  defence  having  60,000  com¬ 
ponents,  and  270  radio  tubes, 
mounted  in  several  large  trucks,  to 
small  compact  airborne  units  used 
for  submarine  detection  at  sea  and 
target  location  on  land. 

“Obviously,  this  is  a  type  of 
equipment  in  which  there  must  be 
constant  and  rapid  improvement  if 
we  are  to  maintain  our  superiority 
over  the  enemy.  This  means  fre¬ 
quent  change  in  design,  which  in 
turn  requires  great  flexibility  in 
production  methods. 

“A  major  factor  in  the  produc¬ 
tion  of  communications  equipment 
has  been  the  contribution  of  Re¬ 
search  Enterprises  Limited,  a 
Crown  company  which  was  set  up 
in  the  early  months  of  the  war.  In 
1943,  the  total  value  of  the  com- 


FOR  PRECISION-FABRICATED  PLASTICS 


SILLCOCKS-MILLER  OFFERS  YOU  A  DEPENDARLE  SOURCE 
FOR  QUALITY  FABRICATION  TO  CLOSE  TOLERANCES 


To  help  you  solvo  your  post-war 
problems  in  plastics,  Sillcocks-Miller 
engineers  provide  this  4-point  service: 

1.  Helping  you  work  out  your  own 
ideas. 

2.  Developing  new  ideas  to  meet  your 
individual  requirements. 

3.  Advising  you  on  the  most  practical 
and  economical  methods  of  fabricating 
your  products. 

4.  Selecting  the  right  plastic  material 
for  your  purpose. 

It  wll  pay  you  to  consult  these  leading 
specialists  in  precision-fabricated  plas¬ 
tics.  There  is  no  obligation. 

NEW  BOOKLET  faffs  tkm  compfafa  story.  Wrffa  for  your  copy  today. 


As  pioneers  in  precision-fabricated 
plastics,  The  Sillcocks-Miller  Company 
has  led  the  way  in  developing  plastic 
parts  and  products  to  extremely  close 
tolerances.  Today,  this  organization 
combines  34  years  of  experience  and  a 
thorough  knowledge  of  plastic  materials 
with  complete  modern  facilities  for  the 
manufacture  of  a  wide  variety  of  high 
quality  products  to  customers'  specifica- 
fions.  Since  the  war,  the  company  has 
been  supplying  many  branches  of  the 
armed  forces  and  vital  industries  with 
precision  -  fabricated  instruments  to 
hasten  Victory. 


IT  COSTS  YOU  LESS  TO  PAY  A  LITTLE  MORE  FOR  SILLCOCKS-MILLER  QUALITY 
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FIXED  &  ADJUSTABLE  RADJlD  RESISTORS 


^tOW  for  all  extremes 
of  service  conditions 


These  adjustable  and  fixed  resistors  are  solid,  molded  units  which 
are  not  affected  by  heat,  cold,  moisture,  or  hard  use. 

The  Bradleyometers  are  the  only  composition  type  adjustable 
resistors  that  .will  consistently  stand  up  under  the  Army- Navy 
AN-QQ-S91  salt  spray  test.  Insulation,  resistor  material,  terminals, 
face  plate,  and  threaded  bushing  are  molded  into  a  single  unit. 
The  resistor  element  hassubstontial  thickness  (approximately  1/32 
inch)  and  can  be  varied  during  manufacture  to  provide  practically 
any  resistance-rotation  curve.  Once  the  unit  has  been  molded,  its 
performance  does  not  change.  Bradleyometers  are  the  only  con¬ 
tinuously  adjustable  resistors  having  a  two-watt  rating  with  a  good 
safety  factor.  Enclosures  are  dust-proof  and  splash-proof. 

Bradleyunits  are  molded  fixed  resistors  with  lead  wires  imbedded 
in  the  homogeneous  resistor  material.  They  will  sustain  an  overload 
of  ten  times  rating  for  a  considerable  period  of  time  without  fail¬ 
ing.  No  special  wax  impregnation  is  necessary  to  pass  the  salt 
water  immersion  test.  Available  in  insulated  and  non-insulated 
types.  Write  for  details. 


1 — Typ«  J  Sradleyomatar  with  covar  ramovad.  2  — 
Typa  JS  Brodlayomalar  with  built-in  twttdi.  3  —  4 
Irodlayomatari  attamblad  in  Iripla  and  dual  con- 
stroction  ta  fit'particwlar  control  naadc.  5 — Typa  J 
Irodiayoaiotar.  d — H  And  1  watt  Brodlayunitt. 


Sactionol  viawi  of  Srodiayomatars  showing  how  tar. 
nunolt  ora  imbaddad  in  solid  moldad  rasistor  alamant. 


Allen-Bradley  Company,  110  W.  Greenfield  Ave.,  Milwaukee  4,  Wisconsin 
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How  to  cure 

with  a 


a  droop— 


Telechron  motor 


Telechron  synchronous  motors  power  the 
automatic  droop  corrector  in  this  control  panel 
for  heat-treating  furnaces. 

Around  the  clock,  these  sturdy  little  motors 
keep  temperatures  in  line  with  loads  in  the 
nation's  metal  industries  —  saving  vital  fuel, 
conserving  process  materials,  speeding  produc¬ 
tion  with  economy.  Even  before  changes  are 
big  enough  to  show  on  the  charts,  Telechron 
motors  step  in  to  help  hold  furnaces  at  peak 
efficiency. 

As  adaptable  as  they  are  dependable  and 
accurate,  these  motors  make  hair-trigger  con¬ 
trol  of  industrial  processes  possible  in  many 


fields.  Motors  are  available  for  12  to  250  volts 
for  all  commercial  frequencies  and  from  1  to 
1800  rpm.  Their  industrial  applications 
include: 


Timiffg 

CeatrolliNg 

Metering 

Recording 

Switching 


Cyciing 
Operations 
Signaling 
Fixed  Process 
Controlling 


Measuring 

Gaging 

Regulation 

Communications 


For  25  years  we  have  been  supplying  industry 
with  self-starting  synchronous  motors  for  all 
kinds  of  timing,  recording  and  control  jobs. 
Our  experience  is  at  your  service.  Just  write 
to  the  Motor  Advisory  Service,  Dept.  C. 
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WARREN  TELECHRON  COMPANY,  ASHLAND,  MASSACHUSETTS 
M4RERS  Of  TELECHRON  ELECTRIC  CLOCKS*  AND  STNCHRONOUS  MOTORS 
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munications  equipment  produced 
by  the  Company  was  60  million  dol¬ 
lars.  The  Company  also  has  pro¬ 
duced  optical  equipment  and  instru¬ 
ments  to  the  value  of  10  million  dol¬ 
lars.  From  its  optical  glass,  Re¬ 
search  manufactures  binoculars, 
range  finders,  and  a  wide  variety  of 
other  instruments. 

“The  communications  industry  is 
also  producing  fire  control  boxes 
and  other  sonic  devices  of  many 
types,  including  torpedo  compo¬ 
nents  and  a  wide  variety  of  gun-lay¬ 
ing  instruments.  The  entire  com¬ 
munications  program  is  co-ordi¬ 
nated  by  the  -Signals  Production 
Branch  of  the  Department  of  Muni¬ 
tions  and  Supply.  This  has  resulted 
in  the  elimination  of  waste  through 
the  simplification  of  manufactur¬ 
ing  practices  and  the  more  efficient 
use  of  manufacturing  capacity.” 


Scholarships  Awarded  in 
Science  Talent  Search 

In  the  third  annual  Science  Tal¬ 
ent  Search,  the  top  scholarship 
awards,  four-year  $2,400  Westing- 
house  Science  Grand  Scholarships, 
went  to  Anne  Hagopian,  16,  of  New 
York  City,  and  Charles  Davidson, 
18,  Fort  Bridger,  Wyo. 

Eight  other  teen-age  scientists 
received  four-year  Westinghouse 
Science  Scholarships  worth  $400 
each,  three  were  awarded  $200 
scholarships,  and  25  were  granted 
one-year  scholarships  of  ^100  each. 
The  scholarships  were  presented  by 
Dr.  Harlow  Shapley,  Director  of 
the  Harvard  College  Observatory 
and  chairman  of  the  board  of 
judges  of  the  Science  Talent  Search. 

The  Search  is  conducted  each  fall 
by  Science  Clubs  of  America, 
through  more  than  4,000  affiliated 
high  school  clubs.  The  scholarships 
are  provided  by  Westinghouse 
as  a  contribution  to  the  advance¬ 
ment  of  science  in  America.  They 
can  be' used  to  attend  any  degree¬ 
granting  college  or  university  of 
the  recipient's  choice,  subject  to  the 
approval  of  the  scholarship  com¬ 
mittee  of  the  Science  Clubs  of 
America.  Scholarships  will  be  held 
in  trust,  for  use  after  the  war,  for 
any  recipients  unable  to  use  them 
immediately  because  they  enter 
military  service.  Acceptance  of  the 
Science  Talent  Search  scholarships 


^  Ever  vigilant,  Lafayette  Radio  Corporation's  tracers  fine-comb  the 

field  for  radio  and  electronic  components  and  equipment.  We  deal 
I  .only  with  top-flight  manufacturers,  so  quality  and  performance  are 

assured.  And  the  accept  throughout  is  on  Service.  Wherever  possible, 
same-day  deliveries  are  maintained.  If  technical  and  priority  prob¬ 
lems  perplex  you — we've  got  25  years  of  experience  behind  us  to 
help  pull  you  through.  Call,  write,  wire,  or  teletype— either  to 

.  V 

Chicago  or  Atlanta.  Orders,  In  any  quantities,  filled  from  both  cities. 

'  Note:  we  build  equipment  to  specifications. 

Wril»  or  wir*  Dopt.  G-5  ior  our  bow  t  paq»  circular  listing 
aorchoadiss  aroilabls  lor  immsdioto  doliTsrr.  All  of  this 
motsrial  is  subjsct  to  prior  sals. 

If  you  IU'0  in  or  near  one  of  the  35  blood  bonk  center  cities,  coll 
Cross  todoy  for  on  oppointment . your  blood  is  need 


901  W.  Jackson  Blvd.,  Chicogo  7,  Illinois  Ar  265  feochtree  Street,  Atlonto  3,  Georgio 
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Sensitive,  Snap-Action  Operation 

FOR  USE  ON  SLOWLY-VARYING  COIL  CURRENTS 


EXTREMELY  CLOSE 


STRIITHERS  Dunn 


RELAY  TYPE 


79XAX 


DIFFERENTIAL 

. . .  between  pick-up  and  drop-out 
for  either  current  or  potential 
operation  may  be  obtain^  by  use 
of  a  resistor  across  the  coil  of  the 
79XAX,  thus  reducing  coil  current 
to  a  value  just  sufficient  to  hold 
the  contacts  closed.  Any  further 
decrease  in  current  or  voltage  will 
operate  the  contacts. 
t  Extreme  sensitivity  can  also  be 
obtained  by  use  of  a  resistor,  and 
the  addition  of  a  special  coil  to  the 
79XAX.  These  maintain  the  relay 
in  a  balanced  condition.  Any  slight 
unbalance  of  the  bridge  or  other 
power  source  will,  ’  through  the 
upper  coil,  buck  or  boost  the 
lower  coil  and  cause  the  contacts 
to  snap-operate. 


In  addition  to  all  of  the  advantages  of 
conventional  sensitive  relays,  Struthers- 
Dunn  Type  79XAX  is  designed  so  that 
its  armature  practically  completes  its 
travel  bejore  the  contacts  snap-operate 
to  the  corresponding  position.  This, 
plus  the  fact  that  contacts  remain  closed 
with  Jmll  pressure  up  to  the  instant  of 
transfer,  permit  this  relay  to  be  used  in 
a  number  of  unusual  ways.  Such  appli¬ 
cations  include  overcurrent  protection 
particularly  in  the  range  of  1  to  100 
milliamperes,  or  in  connection  with 
shunts  furnishing  potentials  in  the 


range  of  1  to  100  millivolts;  pulsing 
circuits  where  the  relay  must  "pump” 
or  "scratch  its  own  back”;  sensitive 
vacuum  tube  circuits,  and  various  others. 

Normal  sensitivity  is  0.01  watt, 
although  this  sensitivity  can  be  height¬ 
ened  by  means  of  various  circuit 
arrangements.  Contact  arrangement  is 
S.P.D.T.,  and  contact  rating  10  amps. 
110-V  a.c.,  and  10  amps.  24'V  d.c. 
Balanced  construction  withstands 
10  G  vibration  and  shock.  Write  for 
Data  Bulletin  describing  this  relay 
and  giving  circuit  diagrams. 


STRUTHERS- DUNN,  INC,  1321  ARCH  STREET,  PHILADELPHIA  7.  PA. 


ONE  OF  THE  STRUTHERS-DUNN 

5,288  RELAY  TYPES 


•BTSKT  memiftllM  omos:  ATUNTA  •  SAITIMORE  •  IOSTON  •  tUFEAlO  •  CHICAGO  •  ONCINNATl  •  CLEVELAND  •  DAIUS  •  DRIVER  •  DETROfT  •  HARTFORD 
'NDIANAPOUS  •  LOS  ANOaES  •  MINNEAFOUS  •  MONTREAL  •  NEW  YORK  •  FITTSBURGH  •  ST.  LOLHS  •  SAN  FRANCISCO  •  SEATTU  •  SYRACUSE  •  TORONTO  •  WASMNGION 
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does  not  prevent  recipients  from  ac¬ 
cepting  other  scholarship  offers. 

Charles  Davidson,  the  top  boy  fin- 
alist,  is  a  country  boy,  who  in  ad¬ 
dition  to  his  scientific  interests  em¬ 
bracing  such  subjects  as  electronics, 
hemistry,  microscopy,  painting  and 
biology,  is  an  athlete.  He  was  cap¬ 
tain  of  the  football  team  at  high 
school,  and  won  a  light-heavyweight 
boxing  award. 

He  has  been  working  for  the  past 
six  years  on  his  own  scientific 
projects  and  has  built  a  highly  de¬ 
partmentalized  home  shop  to  ac¬ 
commodate  his  interests.  One  of 
his  projects  is  the  design  of  an  “in¬ 
visible  searchlight”,  using  infrared 
rays  and  an  electronic  pick-up,  for 
military  use  in  scanning  enemy 
battle  lines  undetected.  He  plans 
to  become  a  research  scientist. 

Sixteen-year-old  Anne  Hagopian, 
who  is  small  and  dark-haired,  is  the 
youngest  girl  finalist  ever  selected 
to  receive  the  Westinghouse  Sci¬ 
ence  Grand  Scholarship.  A  student 
at  the  Brearley  School  in  New  York 
City,  she  paints  and  draws  in  addi¬ 
tion  to  her  scientific  interests.  She 
has  constructed  models  of  atoms, 
and  an  original  model  to  demon¬ 
strate  principles  of  geometry.  She 
plans  to  attend  Radcliffe  College 
and  become  a  research  physicist. 


The  greater  activity  of  Chace  Ther¬ 
mostatic  Bimetals  •  •  •  types  6650  and 
6850,  as  compared  with  other  bimetals, 
permits  the  designing  of  smaller  and 
lighter  weight  temperature  indicating, 
compensating  and  thermal  controls 
when  either  is  used  as  the  responsive 
element. 


Chace  makes  35  different  types  of  ther¬ 
mostatic  bimetal  and  each  of  them 
offers  specific  advantages  in  efficient 
building  of  thermal  controls.  Whether 
your  controls  function  in  war  time 
machines  or  in  peace  time  products, 
whether  in  aircraft  or  marine,  in  in¬ 
dustry  or  in  the  home,  there  is  a  type 
of  Chace  Thermostatic  Bimetal  exactly 
suited  to  yoiu*  demands. 


Underwriters’  Labs 
Fifty  Years  Old 

Celebrating  its  fiftieth  anniver¬ 
sary,  Underwriters’  Laboratories, 
Inc.  has  come  a  long  way  in  its  abil¬ 
ity  to  serve  clients,  sponsors,  and 
the  public  since  its  inception  half  a 
century  ago  in  a  small  room  “over 
the  horses”  of  Fire  Station  No.  1, 
Chicago,  where  its  staff  consisted 
of  one  engineer,  an  assistant  and  a 
clerk.  Laboratory  equipment  was 
a  bench,  a  table,  a  few  chairs,  and 
$360  worth  of  electrical  apparatus. 

The  Laboratories  are  an  out¬ 
growth  of  the  first  Chicago  World’s 
Fair  in  1893  where  one  of  the  fea¬ 
tures  was  Edison’s  incandescent 
lighting.  During  the  construction 
period,  a  number  of  fires  were 
caused  by  the  new  lighting  system 
and  insurance  interests  in  Boston 
sent  an  engineer  to  Chicago  to  in¬ 
vestigate  the  hazards  of  the  electric 
light.  That  engineer  was  William 
Henry  Merrill,  founder-president 


Send  us  detailed  information  regarding 
your  problem  and  get  our  recommen¬ 
dation  for  type  of  thermostatic  bimetal 
best  suited  to  your  needs.  . 


Thermostatic  Bimetals  and  Special  Alloys 

1690  MAftD  AVI  •  DiTROIT  9,  HUKH, 
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PACKAGED  METAL  ENGINEERING^" 

saves  you  f/me,  money,  labor  oir 
PRECISION  FABRICATION  and  ASSEMBLY 


of  the  Underwriters’  Laboratories.  1 

Following  the  fire  horses  at  each 
call  to  the  fairgrounds,  Merrill’s 
job  was  to  determine  what  piece  of 
electrical  equipment,  if  any,  had 
caused  the  fire  and  why.  This  work 
and  the  reports  written  attracted 
considerable  attention  in  manufac¬ 
turing  and  insurance  circles. 

The  tale  is  told  how  one  day  Mer¬ 
rill  was  sitting  in  a  poker  game 
with  the  boys  of  Fire  Patrol  Sta¬ 
tion  No.  1  when  the  signal  for  the 
station  sounded  on  the  automatic 
alarm  system.  No  one  seemed  to 
notice  it.  The  game  continued.  The 
alarm  was  repeated,  and  a  moment 
later  the  signal  sounded  the  third 
time.  Mr,  Merrill  turned  to  the 
Chief.  “Isn't  that  your  call?”  he 
asked.  “Yes,”  replied  the  Chief, 
“but  we  don’t  answer  that.  It’s 
on  the  automatic  system  and  even 
the  horses  know  it’s  a  false  alarm 
and  won’t  come  out  of  the  stalls.” 
This  incident  is  credited  with  hav¬ 
ing  started  the  engineers  on  an 
investigation  of  the  faults  and  fail¬ 
ures  then  existing  in  automatic  fire 
alarm  systems. 

Today,  the  Laboratories  main¬ 
tain,  at  the  main  testing  station  in 
Chicago,  seventeen  departmental 
laboratories  equipped  with  much 
unusual  and  unique  test  equipment. 
Much  of  the  special  equipment  is 
designed  by  the  engineers  and  some 
is  constructed  in  the  Laboratories’ 
shops.  Other  testing  stations  are 
maintained  in  New  York,  San  Fran¬ 
cisco  and  the  vicinity  of  Chicago. 

Three  hundred. seventy-five  thou¬ 
sand  products  have  been  approved 
by  Underwriters’  Laboratories  to 
date  and  are  listed  in  its.^  booklets 
of  tested  and  inspected  items.  As 
50  percent  fail  the  first  time  they 
are  tested,  many  more  than  375,000 
products  have  been  investigated. 
The  5,000  manufacturers  of  ap¬ 
proved  devices,  materials,  and  s.vs- 
tems  produced  in  a  normal  year,  in 
their  more  than  5.500  factories,  half 
a  billion  of  these  safeguarded 
articles. 


Grammes  with  69  years  of  specialized  experience  in  "Packaged  Metal 
Engineering”  can  provide  the  centralized  precision  fabricating  skill,  clever  as¬ 
sembly  methods,  know-how  abilities,  and  vast  facilities  for  jobs  that  are  intri¬ 
cate,  varied,  and  unique. 

The  radio  panel  job  is  a  masterpiece  of  combination  metal  etching,  decorative 
enamel  finish,  contrasting  color  ^l-in  of  letters,  62  accurately  positioned  holes, 
separate  parts  manufacture,  assembly  of  parts  to  panel— a  complete  unit  ready 
for  final  assembly  by  our  customer.  Typical  Grammes  production  and  assembly 
ingenuity  that  fabricates  and  assembles  metal  products  faster,  better,  and  more 
economically! 

*In  one  package  ...  in  one  service,  we  take  over  ALL  responsibility— acting 
as  YOUR  factory,  from  Design  Research  to  Drop  Shipments.  Let  these  all- 
inclusive  "Packaged  Metal  Engineering”  services  help  you  save  time,  money, 
and  labor  with  Grammes  PRECISION  FABRICATION  &  ASSEMBLY. 

COMPLETE,  VERSATILE,  UNDER- ONE- ROOF  FACIUTIES 

STAMPING  ETCHING  HARD  ENAMELING  A^CHINING 

DRAWING  LITHOGRAPHING  SCREW  AAACHINES  SPRAYING 

SPINNING  TOOLS  &  DIES  LINE  ASSEMBLY  HEAT  TREATING 

WIRE  FORMING  EMBOSSING  DRILLING  WELDING  PLATING 

CONTRACT  SERVICE  — COMPLETE  enaHu^dutunlH/^  ^owtce 

For  idea  product  development  and  improvement  to  post-war 
manufacture.  Grammes  Contract  Service  facilities  are  available 
NOW  for  Research,  Design,  and  Engineering.  Let  us  work 
with  you,  complete  confidence  assured.  Send  for  our  booklet 
"Contract  Service  by  Grammes”— address  Dept.  1-5. 


DECORATED  METAL  PRODUCTS  •  ETCHED  DIALS  •  PANELS  •  PLATES 
CONTACTS  •  TERMINALS  •  CLIPS  •  LUGS  •  ETC. 


General  Ingles  Reports  on 
Signal  Corps  in  Pacific 

No  DELAY  IN  MILITARY  operations 
has  occurred  because  of  lack  of 
communications  material  and  no 
critical  shortage  of  Signal  Corps 
equipment  exists,  in  the  Pacific 
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areas,  according  to  Major  Genera! 
Harry  C.  Ingles,  Chief  Signal  Of. 
ficer,  on  return  from  a  tour  of  in¬ 
spection  of  the  Pacific  theaters  of 
operation. 

We  expressed  the  belief  that  one 
of  the  major  factors  in  the  current 
military  successes  in  the  Pacific  ia 
“the  closest  possible  cooperation” 
between  the  Army  and  the  Navy 
and  the  harmonious  relations 
tween  the  commissioned  and  en¬ 
listed  personnel  of  both  services. 
Throughout  the  Pacific  Area  the 
Army  and  Navy  use  combined  sig- 
nal  centers  in  which  it  is  not  un¬ 
usual  to  find  a  Navy  channd 
manned  by  a  soldier  and  vice  versa. 

The  primary  purpose  of  his  trip 
was  to  discover  at  first  hand  how 
signal  communications  are  func¬ 
tioning  and  how  adequately  signal 
material  is  being  supplied.  Because 
of  the  enormous  distances  in  the 
Pacific  and  because  of  intervening 
water,  radio  has  become  the  pri¬ 
mary  means  of  communication. 
Wire,  he  said,  is  used  extensively 
only  after  landings  have  been  made 
and  in  instances  where  the  density 
and  damp  foliage  of  the  jungles 
makes  radio  less  effective. 

Jungle  Country 

Gen.  Ingels  said  the  Solomons 
and  New  Guinea  areas  were  the 
worst’  jungle  he  had  ever  seen,  es¬ 
pecially  because  of  the  big  trees, 
often  250  feet  high,  which  make  it 
hard  to  get  through  and  have  the 
effect  of  cutting  down  on  the  range 
of  the  Walkie-Talkies.  These  can 
talk  four  to  five  miles,  sometimes 
as  much  as  ten.  It  depends  on  how 
wet  it  is  in  the  jungle  the  day 
they  are  being  used.  The  weather 
is  the  worst  drawback. 

Some  of  the.  Japanese  communi¬ 
cations  equipment — ^notably  the 
field  telephone  and  switchboard— 
is  good.  Illustrating  the  imitative¬ 
ness  of  the  Japanese,  he  said  that 
Americans  had  captured  a  number 
of  radio  tubes  with  the  RCA  trade¬ 
mark,  but  on  examination  found 
that  these  were  not  American  tubes 
but  Japanese  tubes  copied  so  ex¬ 
actly  that  the  trademark  was  in¬ 
cluded. 

Procurement 

Gen.  Ingles  said  that  the  Signal 
Corps  procures  about  96,000  items 
of  communication  equipment  of 
various  kinds.  Procurement  has 
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. . .  Perhaps  This  20  Milli¬ 
watt  Sensitive  Aircraft 
Time  Delay  Relay  Is  Your 
Answer. 


TYPE  5FMD 

MAKE.DELAY 
0.2  SEC 
INPUT 
.020WATT 
FOR 

AIRCRAFT 

SERVICE. 


Sigma 

Sea- 

Relays 

can  be  furnished  with 
time  delay  features. 

A  delay  on  “A^ke**  of  0.2  sec.  or  somewhat  more  on  "Break** 
can  be  provided  with  a  power  input  (for  Aircraft  Service)  of 
20  milliwatts.  This  extra  input  power  is  necessary  because  of 
the  fact  that  much  of  the  coil  space  is  occupied  by  copper 
slugs. 

In  contemplating  the  use  of  this  type  of  relay,  it  is  well  to  note 
that  the  better  regulated  the  power  source,  the  more  precise 
the  time  interval.  For  maximum  delay,  the  current  supplied 
should  be  not  over  IO%  greater  than  that  required  to  lust 
energize  the  relay. 

Purnlih  us  with  comp/ete  duiells 
I  1  regarding  your  raquiramants  (a  qwes- 

fP  1 1 1  |J  V  tionnairo  It  anclotad  with  our 
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POWER  EQUIPMENT  (25  to  400  amporo  ratings)  — For  heavy-duty 
radio  noise  suppression  service,  Sprague  offers  a  standard 
Filter  line  to  match  exaaing  military  specifications  (Wright 
Field  32331).  Long  service  has  proved  their  ability  to 
answer  problems  of  noise  suppression  on 
airplane  motors,  generators,  inverters, 
_ and  similar  equipment. 

_ _ ^  f  ’  LOW  CURRENT  APPLICATIONS  (25  amperes  and 

less)— Although  designed  to  the  same 

- :  performance  specifications  as  the  fore- 

_ _ _ going  heavy-duty  line,  sizes  and  weights 

of  these  Sprague  Type  JX  Filters  have  been 
reduced.  High  attenuation  characteristics 

- - - assure  high-fidelity  radio  reception  under 

_ , _ _ adverse  1  conditions  of  Inan-made  inter- 

ference.’.They  are  exceptionally  compact, 

- - mount  in  any  position,  have  negligible 

I  1  1 1 1 H  1,1  power  consumption,  and  operate  effi¬ 

ciently  over  a  broad  temperature  range. 

Whatever  your  radio  interference  suppreuion  proh- 
lem  ••ASK  SPRAGUE.^'  A  hroad  background  rf 
experience  in  this  field  over  many  years  covers 
almost  every  type  of  equipment — military,  naval, 
industrial,  or  home. 

SPRAGUE  SPECIALTIES  CO.,  North  Adorns.  Moss. 


.1  .)2  .1  1.  2  4  7  II  21 

fRCqUENCY  MC. 

ATTENTION  CURVE 

for  SpraciM  Type  JX-Sl  10  ampere  liter  with  unshielded 
leads.  Weijchi  .37  lb.,  overall  size.  2%*  x  2**  x  tVI**. 
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come  up  70  percent  in  the  last  six 
months  and  is  now  quite  satisfac- 
tory. 

There  is  no  critical  shortage  of 
equipment  in  the  Pacific  area.  There 
are  some  things  of  which  they  have 
not  enough  yet,  but  all  three  com¬ 
manders  in  the  Pacific — Admiral 
Nimitz,  Admiral  Halsey,  and  Gen¬ 
eral  MacArthur — reported  to  the 
General  that  they  had  never  been 
delayed  or  held  up  in  operations  be¬ 
cause  they  didn’t  have  communica¬ 
tions  equipment  available. 

Communications  equipment  takes 
an  awful  beating  in  being  unloaded, 
the  General  said.  There  are  no  piers 
or  docks.  Equipment  comes  in  on  a 
ship,  is  taken  off  in  a  net,  run  to 
shore  on  a  barge,  then  picked  up  on 
a  net  again  in  the  driving  rain  and 
landed  on  the  beach  in  the  rain  and 
often  left  there  for  a  month  or  so 
very  rough  treatment  for  such 
sensitive  electrical  equipment. 

The  jungle  weather  is  hard  on 
dry  batteries.  The  only  way  they 
are  kept  in  good  condition  is  to 
keep  them  in -cold  storage.  We  are 
now  trying  to  develop  special  bat¬ 
teries  for  that  particular  climate. 


A  FUZE  is  a  mechanical  detonator, 
while  a  fuse  contains  a  powder 

f.n  f.h.P.  AtTUV. 


COMPANY 

205  West  19  Street 
New  York  11,  N.  Y. 


METAPLAST  Process  Patented 
U.  S.  and  Foreign  Patents 


Tropxeal  Treatment 
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The  METAPLAST  process  makes 
possible  the  electro-deposition  of  a 
smooth,  non-poroua  adhesive,  metal 
coating  on  any  shaped  non-conduc- 
tive  material  retaining  the  most  mi¬ 
nute  detail  of  the  underlying  surfoce. 


Prasent  day  war  work  or 
post  war  applications  aro  of 
equal  interest  to  us. 


Drop  us  a  note,  we'll  have  a  Guild 
member  call  on  you  —  or  write  for 
booklet  "METAPLAST  process  and  Li¬ 
censee  Plan" 


Radio  sets  are  specially  treated 
against  moisture  and  against  fun¬ 
gus.  In  these  tropical  countries 
there  are  special  types  of  fungus 
growths  which  will  spoil  all  the  con¬ 
tacts  in  a  surprisingly  short  time. 
Our  chemists  know  a  fungus-re¬ 
sisting  chemical  which  puts  off  the 
fungus  growth  for  a  long  time. 
Radio  equipment  is  fungus-proofed 
and  water-proofed. 

The  best  water-proofing  is  the 
water-proof  container.  The  con¬ 
tainer  is  inade  water-proof  by  use 
of  a  rubber  gasket.  The  antenna 
comes  out  through  a  rubber  gasket 
so  that  the  set  will  operate  in  the 
‘rain.  In  the  case  of  heavy  station 
equipment,  this  is  not  necessary  be¬ 
cause  it  is  put  under  some  sort  of 
shelter  which  has  been  erected 
ahead  of  time.  Water-proofing  is 
accomplished  by  spraying  and 
brushing  over  all  the  separate  leads 
and  connections  with  a  spray  gun 
!  or  brush. 


GAIN  THESE  ADVANTAGES 


•  •  •  When  you  METAPLATE  your 
plastic  parts  you  are  able  to  get  high 
electrical  conductivity  making  a  con¬ 
ductor  and  non-conductor  in  one  piece. 


•  •  •  Localized  overheating  is  pre¬ 
vented  since  the  excessive  heat  is  dis¬ 
tributed  over  the  whole  part  through 
radiation. 


•  •  •  All  the  beauty  and  lustre  of 
metals  as  well  as  a  highly  reflective 
surface  can  be  applied  to  plastic 
pieces. 


•  •  •  By  METAPLATING  you  can 
make  plastic  parts  impervious  to 
moisture,  oil  and  solvent  absorption. 


•  •  •  Warping  and  dimensional 
changes  are  prevented  when  you 
METAPLATE  plastic  surfaces. 


.  ■  ^ 

TELEVISION  1954  A.  D. 


Back  in  1944,  you  few  men  of  vision  in 
broadcasting  management  clearly  foresaw 
that  the  addition  of  sight  to  sound  would 
6pen  up  vast  new  business  possibilities. 

You  took  a  tip  from  experimental  com¬ 
mercials  during  the  war  years  which 
showed  the  speaacular  effeaiveness  of 
mass  persuasion  by  television.  Shortly 
after  viaory,  television  time  did  leap  into 
great  demand  .  .  .  just  as  you  thought. 

DuMont  anticipated,  just  as  you  did, 
that  there  would  be  a  peacetime  scramble 
to  be  "first  with  .television.”  So  they  com¬ 
pleted  their  designs  for  telecast  equipment 
that  set  new  highs  in  signal  transmitting 
efficiency  and  new  lows  in  maintenance 
and  operating  costs. 

Then  the  DuMont  Equipment  Reserva¬ 
tion  Plan  was  formulated  so  that  you  pros- 
peaive  television  station  owners  could 


have  that  equipment  in  operation  at  the 
earliest  possible  postwar  moment.  This 
plan  placed  DuMont’s  extensive  experi¬ 
ence  in  television  station  building  and 
management  at  your  command.  In  addi¬ 
tion,  this  plan  gave  you  "postwar  prior¬ 
ity”  in  the  equipment  you  needed. 

That,  you  thought,  was  one  sample  of 
television  talk  that  sounded  down  to  earth 
...  it  would  cut  down  your  trial-and-error 
losses,  and  put  your  telecasting  business 
on  a  sound  and  practical  footing  at  the 
earliest  possible  moment. 

So  you  dropped  a  line  to  DuMont  and 
got  on  the  Television  bandwagon— on 
time  . . .  back  in  1944. 

We  know  ifs  1944!  So  you* re  invited  to 
learn  about  the  DuMont  Plan  now.  Send 
for  our  new  booklet  Planning  Your  Tel¬ 
evision  Station.”  Do  it  today! 

Copyright  All*n  B.  DuMont  loborotones,  Inc.,  194A 


ALLEN  B.  DuMONT  LABORATORIES.  INC..  GENERAL  OFFICES  AND  PLANT.  2  MAIN  AVENUE.  PASSAIC.  N.  J. 
TELEVISION  STUDIOS  AND  STATION  W2XWV,  515  MADISON  AVENUE.  NEW  YORK  22,  NEW  YORK 
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ROCKBESTOS  HREWALL  RADIO  HOOKUP  WIRE 

Sizes  No.  es  to  ^  AWG  in  1000  volt  rating,  and 
No.  12,  lit  and  16  AWG  in  3000  voU. 

The  6rst  lightweight,  small  diameter,  flame- 
resistant  hookup  wire,  designed  in  1937  and 
widely  us^  since  in  airborne  and  ground  com¬ 
munication  systems,  electronic  devices,  instru¬ 
ments  and  apparatus.  Operating  tempera¬ 
tures  range  from  125°  C.  to  minus  50°  C. 
,  Also  with  tinned  copper  shielding  braid 

and  in  twisted  pair  or  tripled  construction. 
I  X*  - 


ROCKBESTOS  THERMOSTAT  CONTROL  WIRE 

Sizes  No.  Uh  AWG  in  tuo  to  six 

conductors  wil^J  yt2y\ .025"  or  {for  115  volt  serv¬ 
ice)  .031"  off  died  asbestos  insulation  and  steel  armor. 
A  multi-conductor  control  wire  for  low  voltage 
intercommunicating,  signal  and  temperature 
control  systems.  Its  life-time  heatproof  and  fire¬ 
proof  insulation  and  rugged  abrasion-resisting 
steel  armor  will  give  you  trouble-proof  circuits. 


Investigate  ROCKBESTOS 
PERMANENTlYwiiii^^^ 
WIRES,  CABLES  and  CORDS 
for  long-Uved  Perfbnnonee 


.  ROCKBESTOS  TYPE  CA  LEAD  WIRE 

Has  high  dielectric  strength  and  moisture 
resistance  for  use  where  heat  and  humidity  are 
encountered.  No.  20  to  8  AW(1  solid  or  stramled 
copmr,  monel  or  nickel  conductors  insulated 
with  synthetic  tape  and  various  thicknesses  of 
felted  a.sbestos  finished  in  black,  white  or  colors 
for  coding  purposes.  Also  with  Ail-Asbestos 
(X  insulation  only,  where  high  moisture  resist- 
ance  is  not  required. 
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‘q>«pment.  investimte  -Vour  post-war 

MW  wires,  cables  aW  r 

«>nstructioa,  .  .  each  w^rt.'  n  sUmlar,! 

Mensties  to  resist  heat,  flanw 

or  corrosive  fumes  AnW  v  ^  moisture,  oil 
then  Rockbestos  Reseai^h^J^?i *^"*^**^ '^on’t  do’ 
meet  your  particulTrTJrat^i  “  “special’*  to 
need  do  is  outline  your  Slem  ‘^'^‘I'*^"^enLs.  All  you 
make  their  reconimendaUoL.  ^“^meers  iill 

est  branch  offire  or;  » >res.  write  our  near- 

RoehBestos  Products  pnn. 

W‘n»or»tioo  •  411  Nicofl  St_  N*.  u 
IHIlreee  ...  . 


.  X  - 

WCK^BfiTOS' 

k'f  .Vi 


(eorporation  •  4n  c*  m  „  e  i 

lMVf<r  sns  Solves 

“-VO.K  aurrato  ctaveuNp  A 

‘ifcraoNIcs-Wa,  TTsBuaoH  ST.  toms  tos  angeibs 


ROCKBESTOS  MULTI-CONDUCTOR 
HREWALL  RADIO  HOOKUP  CABLE 

This  type  of  cable  is  made  up  of 
g  1000  V.  individual  Firewall  Radio  Ht>ok- 

up  Wires  (as  illustrated  at  top  of  column) 
of  required  size  and  number  of  conductors, 
cabled,  and  braided  or  shielded  according  to 
cu.stomer’s  specification.  For  example,  this  si>ecial 
14  conductor  No.  22  .WVG  cable  was  taped, 
shieldetl  with  tinned  copper  braid,  then  jacketed 
with  a  black,  glazed  cotton  braid  with  a  flame¬ 
proof  finish. 

These  are  but  a  few  of  the  122  different  wires, 
cables  and  cords,  de.rigned  for  severe  operating 
conditions  by  Rockbestos. 


rockbestos 

research 

Difficult  Wring  Probiem 

lAY-AWAY  DAY 

SANFEANCSCO  SEATrt,  mRTLAND.ORJ 


Television  Technique 
for  Spot  News 

An  interesting  Demonstration  of 
the  speed  with  which  news  events 
can  be  put  on  film,  developed  and 
televised  was  made  in  connection 
with  the  awarding  of  an  Army- 
Navy  “E”  to  the  Du  Mont  Labora¬ 
tories  in  Passaic,  N.  J. 

Paramount  News  sent  camermen 
to  the  theater  wherg  the  ceremon¬ 
ies  were  held.  One  camera  was  set 
up  close  to  the  stage  and  the  second 
was  placed  about  half-way  up  an  op¬ 
posite  aisle.  Interchanging  of 
lenses  was  made  for  closeups  and 
long  shots. 

The  movie  was  actually  edited 
while  it  was  filmed,  rushed  to  New 
York  for  processing,  and  a  few 
hours  later  was  broadcast  to  view¬ 
ers  in  three  states  over  W2XWV. 
A  transcription  of  the  ceremony 
was  also  made  and  broadcast  over 
WOR  that  night,  two  hours  after 
the  telecast. 


Pup8ni  develops 
volume  production 
of  improved  Hermetic  Seals 


Conforming  to  Army-Navy  requirements 
for  critical  field  conditions 

Transformers,  condensers,  relays,  vibrators 
and  various  component  parts  can  now  be 
protected  against  heat  and  tropical  humidity, 
salt  spray,  sand  infiltration,  fumes,  fungus 
attack  and  other  varied  conditions  that  cause 
sensitive  equipment  to  fail  under  critical 
conditions. 

In  the  laboratories  beyond  Sperti,  Inc.,  tech¬ 
niques  have  been  discovered  which  permit 
volume  production  of  improved  Hermetic 
Seals  at  low  cost,  safeguarded  by  unique  in¬ 
spection  methods.- 

Principal  featur0s  of  the  improved  Sperti 
Hermetic  Seal  are: 

1.  Small,  occupies  litll*  spa<«,  on*  pi*c*,  no  oth*r 
hardware  n**d*d,  simple  and  easy  to  attach.  (Solder¬ 
ing  temperature  not  critical.) 

2.  Vacuum  tight  hermetic  bond,  hydrogen  pressure 
tested  for  leaks. 

3.  Resistant  to  corrosion. 

4.  High  flash-over  voltage.  Does  not  carbonise. 

5.  Insulation  resistance,  30,000  megohms,  minimum, 
after  Navy  immersion  test. 

6.  Thermal  operating  rang* — 70”  C.  to  200”  C.  Will 
withstand  sudden  temperature  changes  as  great  as 


Chicago  War  Production 
Conference 

Exceeding  the  heavy  registration 
of  last  year,  the  second  Chicago 
War  Production  Conference,  held 
at  the  Stevens  Hotel  on  March  30, 
drew  a  registration  of  approxi¬ 
mately  3,400  engineers,  production 
superintendents,  factory  managers, 
and  similar  personnel  engaged  in 
war  production  activities.  Thirty- 
three  panels  on  various  topics  of 
war  production  were  held.  Interest 
in  the  panels  on  electronics  was 
second  only  to  that  of  the  panels  on 
management. 

Two  afternoon  panels  on  elec¬ 
tronics  were  held  and  the  attend¬ 
ance  at  each  panel  was  between  350 
and  400  persons.  The  first  panel 
was  devoted  largely  to  broad  gen¬ 
eral  topics  connected  with  the  war 
experiences  of  radio  personnel 
whereas  the  second  panel  had  the 
production  and  manufacturing 
problems  of  the  radio  industry  as 
its  theme. 

The  first  speaker  on  the  elec¬ 
tronics  panel  was  Kenneth  W.  Jar¬ 
vis,  vice-president  in  charge  of  en¬ 
gineering,  Sheridan  Electro  Corp., 
who  delivered  a  talk  entitled  “Ra¬ 
dio,  Indispensable  To  Victory", 
after  being  introduced  by  Paul 


Wire  or  phone  for  information,  today.  Oive  at 
complete  details  as  possible  so  that  samples  and 
recommendations  may  be  tent  promptly. 


RESEARCH,  DEVELOPMENT,^  MANUFACTURING,  CINCINNATI,  OHIO 


271 


l^ay  1944  — ELECTRONICS 


Corp., 


wtw  General  RADio^coMP^Ny^  „ 


-  ”  o/*  R  A  ®  *  ®  AND 

mnafaeturers  of 

_  MlrtlAOCO  •OSTOH 

•CMTLCT^  coot 

TIK>wel..OOt  4400 


E  UE  CT  R 


I  C  A  L  E 


thirty  state  street  -e-TTCi 

CAMB-OO^  39,  MASSACHUSETTS 


rEPUCEMENT  PAKK  ' 

H0«  availabi-e  fob 

G_r  equipment 

Gentlemen:  Department  for  repair  require 

Many  instruments  ^®^''^7tole  simple  and  ime .  labor,  and 

ones  ;„a  TssTsUisE  -e.. 

^p.rT  cLtE.S  b,  SACUTTnE  TAP  ^ 

*  »  r\f  The  more  common  y  from  us  more 

,e  «lntaln  you  can  seouTe  these  pa 

f"*  H  rs  tor  replaceaent 

’  •  aed  ee  .iU  Accept  teleETapbto  oTdA^/rJp^,  s  nuaber 

When  urgently  ’"®®^®^J'of  our  manufacture,  in  «a  y 

r/CoXnrs=eTttce..  tt.e  to  usees. 

Eppoee  oeaeTtnE  these  pa^s  be  “^Adtc  e,utP.o„t  ^d^ptease^^^ 

Restrict  your  orders  to  parts  designation  by  wiring 

not  order  •»"  ‘h^  «  tnstruaenU  pa  _^^^ner  and  PTtort  » 

^ScS  “SS r  ^ 

is  received  -  j.  factory  Service  De 

•  This  service  in  no  way  srrvtti°Utrtie;t 

Tart^at.  .hen  It  ia  .nrtlae  PTessure, ^thejet^, 

g«a  re«irkably  quick  service. 

”  an,  »hher  possible.  oonsiderable  help  m  avoit' 

-ra«.tnjiNrE  NOTES  should  oe  o  a  copy- 

Sincerely 


%}l 

Service  Manager 
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Smith  of  the  Galvin  Mfg.  Corp., 
panel  chairman. 

Pointing  out  that  mobility  was 
an  essential  requirement  for  mod¬ 
ern  military  radio  equipment,  Mr. 
Jarvis  outlined  five  principle  war¬ 
time  applications  of  radio:  (1)  de¬ 
fensive  military  operations,  (2)  of¬ 
fensive  military  operations,  (3) 
radio  control  of  various  types  of 
missiles  (4)  builder  of  morale  for 
civilian  and  armed  personnel,  and 
(6)  direction  finding  of  enemy 
transmitting  stations.  An  impor¬ 
tant  application  of  radio  which  is 
not  always  fully  realized  is  its  ap¬ 
plication  by  both  sides  in  the  con¬ 
flict,  for  the  *  purposes,  of  propa¬ 
ganda.  Much  of  the  modem  prac¬ 
tical  military  operations  are  made 
possible  only  because  of  the  mobil¬ 
ity  and  portability  of  reliable  ra¬ 
dio  equipment.  The  practice  of  jam¬ 
ming  communications  practically 
assures  that  the  side  having  the 
most  reliable  and  most  highly  de¬ 
veloped  communication  equipment 
will  have  an  important  advantage 
over  the  adversary. 


in  making  your  Post-War  Plans! 


Handy-Talkie 


•  The  solder  you’ll  use  in  your  production  after  the  war 
is  one  of  those  molehills  that  can  grow  quickly  into  a 
nwuntain — a  mountain  of  headaches — if  it  isn’t  right! 

•  Kester  engineers  and  laboratory  technicians  stand  ready 
to  assist  you,  wherever  solder  enters  into  your  post-war 
plans.  They  offer  you  45  years  of  practical,  specialized  ex¬ 
perience  in  soldering  fluxes  and  alloys.  They  know  how  to 
take  the  kinks  out  of  production  lines — how  to  improve  the 
product  and  minimize  service  difliculties — ^by  the  proper 
application  of  solder. 

•  Kester  Cored  Solders  are  highest  quality.  They  fit 
smoothly  into  every  production  program,  with  a  wide  range 
of  flux  and  alloy  combinations,  strand-size  and  core-size. 

•  There’s  no  obligation  in  getting  Kester’s  ideas  about  the 
kind  of  solder  to  use  and  how  to  use  it.  Put  the  solder  up 
to  Kester,  now.  It  may  easily  help  you  avoid  costly  changes 
later  on. 


Albert  T.  Williams,  chief  produc¬ 
tion  engineer  of  Galvin  Mfg.  Corp., 
spoke  on  “Experience  in  Engineer¬ 
ing  a  Specific  Radio;  The  Handy- 
Talkie”  and  demonstrated  many  of 
his  points  by  disassembling  and  ex¬ 
hibiting  one  of  the  handy-talkie 
units.  Originally  conceived  as  a 
portable  two-way  communication 
unit  about  the  size  of  an  ordinary 
telephone  handset  and  employing 
three  tubes  in  a  regenerative  cir¬ 
cuit,  experience  soon  showed  that 
these  requirenftents  did  not  lend 
themselves  to  practical  use  in  the 
field  or  to  desirable  production  in 
the  factory. 

Light  weight,  ease  and  operation, 
compactness  and  easy  servicing  in 
the  field  were  requirements  that 
had  to  be  established  in  the  design 
and  production  of  this  unit.  The 
final  model  employs  five  tubes,  and 
is  completely  self  contained  in  a 
thin  aluminum  die-casting  housing 
complete  with  batteries,  micro¬ 
phone,  earphone,  and  collapsible  an¬ 
tenna.  The  small  size  of  the  handy 
talkie,  together  with  the  required 
reliability  of  operation,  made  neces¬ 
sary  special  design  and  construc¬ 
tion  of  extremely  minute  parts. 

Colonel  C.  N.  Sawyer,  Signal 


KESTER  SOLDER  COMPANY 


4204  Wrightwood  Avenue,  Chicago  Z%  Illinois 

Emttern  Plant:  Newark,  N.  J.  Canadian  Plant:  Brantford,  Ont. 

TIN  ORDER  AMENDED.  For  the  iireMiit,  If  yon  require 
Klder  of  more  than  10%  tin  eooteot.  certify  um  on  Kester 
orders;  under  WPB  Order  11-4S  as  amwriAid  November 
3.  1943.  Priorities  Preferenea  now  govem  only 

the  achedullnf  of  deliveries. 


Woy  1944  — ELECTRONICS 


Corps,  U.  S.  Army,  illustrated  his  ' 
talk,  “Army  Experiences  With  Ra¬ 
dio  Equipment  On  The  War  Front” 
by  means  of  slides  and  photographs 
of  actual  conditions  encountered  in 
the  Pacific.  Complimenting  radio 
engineers  and  manufacturers  for 
the  quantity  and  quality  of  radio 
equipment  which  they  had  produced 
and  which  enabled  the  United 
States  to  be  the  best  equipped  in 
this  respect.  Colonel  Sawyer  indi¬ 
cated  that  considerably  more  atten¬ 
tion  must  be  paid  to  the  packaging, 
shipping,  water-proofing  and  fun¬ 
gus-proofing  of  equipment  intended 
for  use  in  the  islands  of  the  Pacific. 

Tropical  Problems 

The  Colonel’s  statement  that  ra¬ 
dio  equipment  is  not  subjected  to 
handling  with  kid  gloves  during 
military  operations  was  amply 
borne  out  by  slides  illustrating  the 
arrival  ^nd  storage  of  equipment  at 
depots  in  the  South  Pacific.  It  was 
indicated  that  repair  and  mainte¬ 
nance  facilities  are  frequently  not 
available  and  radio  equipment  must 
often  be  operated  by  native  person¬ 
nel  having  no  training,  experience, 
or  appreciation  of  the  characteris¬ 
tics  and  behavior  of  radio  equip¬ 
ment. 

The  chief  complaints  arise  be¬ 
cause  radio  equipment  becomes  im¬ 
mersed  in  water,  because  moisture¬ 
proofing  is  entirely  inadequate  for 
tropical  conditions,  and  because 
packing  is  often  too  poor  to  meet 
the  rugged  conditions  of  military 
operations.  Perhaps  the  most  out¬ 
standing  complaint  is  due  to  the 
rapid  growth  of  fungus  on  equip¬ 
ment  and  considerably  greater  ef¬ 
fort  on  the  part  of  manufacturers 
must  be  directed  to  a  satisfactory 
attack  on  this  problem. 

Backed  up  by  recent  experience 
with  the  Marines  in  the  South  Pa¬ 
cific,  Lieut.  Colonel  Robert  C.  Wal¬ 
ton  of  the  Bureau  of  Ships  spoke  on 
Navy  experience  with  radio  equip¬ 
ment  on  the  war  front.  This  talk 
reinforced  that  by  Colonel  Sawyer 
in  calling  for  greater  protection  of 
radio  equipment  against  fungus, 
water,  and  in  providing  more  thor¬ 
ough  and  adequate  packing. 

ProdvLction 

As  chairman  of  the  second  panel 
on  electronics,  Paul  Smith  intro¬ 
duced  James  W.  Sharp  of  Zenith 
Radio  Corp.  who  spoke  on  “Mass 


Opening 

for 

MOTOR 

ENGINEER 


Engineer  with 
electric  motor 
experience, 
ingenious,  and 
with  sound  basic 
engineering 
knowledge  to 
be  assigned 
unhamF>ered  to 
very  interesting 
project. 

Location  East. 
Medium  size 
concern 

with  established 
reputation  in 
electronics  field. 
Salary 

commensurate 
with  ability. 

P-629,  Electronics 
330  West  42nd  St. 

New  York  18,  N.  Y. 
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HOW  TO  CEMEHT  PLAX  POLYSTYRENE 


POLYSTYRENE  IS  SUPPUED  in  sheets,  tods 
it  is  otso  Qvaitabie  in  t1i«  famous  Polyfiex* 
4*olyflex*  Fiber,  tougK  and  Rexibte  extruded 
with  wide  insulation  application.  MocKirnd 
parts  such  as  those  shown  above  (in  actual  sixes)  are 
pi^uced  by  Piox,  to  your  specifications.  Plax  also 
polystyrene  cement.  > 

Other  Ptaxi^wartime  production  includes  vorious 

a 

forms  of  cellulose  acetate,  cellulose  acetate  butyrate, 
ethyl  cellulose,  methacrylote,  and  styramic. 

Write  for  bulletin  on  "Fabricating  Polystyrene/' 

containfng  full  details  of  polystyrene’s  properties. 

D 


•Trad*  Mark  Reg.  U.  S.  Par.  Oft. 


Three  different  types  of  cement  can  be  used 
with  polystyrene. 

1.  Solvent.  Cementing  with  a  solvent  is 
similar  in  principle  to  welding.  The  solvent 
softens  the  polystyrene  surfaces  to  Ik;  joined. 
The  surfaces  are  held  together  under  light  pres¬ 
sure.  The  softener!  surfaces  unite.  The  solvent  is 
absorbed  by  the  body  of  the  plastic  and  the 
joint  becomes  solid  and  rigid.  In  this  method, 
surfaces  must  fit  exactly  before  the  solvent  is 
applied.  Machined  surfaces  are  usually  cemented 
by  this  method. 

2.  Polystyrene  solution.  A  thin  layer  of 
dissolveil  polystyrene  is  spread  over  the  surfaces 
to  be  joined.  The  pieces  are  held  together  under 
light  pressure.  The  solvent  in  the  solution  evapor¬ 
ates  or  is  absorbed,  leaving  a  joining  layer  of 
solid  polystyrene.  This  method  of  cementing 
does  not  require  perfectly  fitting  surfaces  be¬ 
cause  the  dissolved  polystyrene  in  the  cement 
will  fill  small  surface  irregularities.  However, 
close  tolerances  cannot  be  maintained  because 
the  dissolved  layer  of  plastic  will  vary  with 
each  application  of  cement.  The  bond  will  take 
from  12  to  36  hours  to  dry  because  a  large  amount 
of  solvent  is  introduced  at  the  joint.  This  method 
of  cementing  can  be  speeded  by  using  a  thicker 
solution,  which  has  been  warmed  to  make  it 
fluid.  Thus  the  amount  of  solvent  to  be  evaporat¬ 
ed  is  reduced. 

3.  Adhesive.  This  can  be  used  to  join  polv- 
styrene  to  other  materials  and  to  metal.  The 
Thiokol,  Glyptal,  and  Reanite  Cements  are 
variations  of  this  type.  These  cements  are  classed 
broadly  in  three  categories:  drying  adhesives, 
non-drying  adhesives,  and  curing  adhesives. 
The  drying  adhesives  are  most  commonly  used. 
The  non-drying  materials  are  weak  in  shear  but 
extremely  resistant  to  vibration,  while  the  curing 
adhesives  are  temperature  resistant.  TMien 
partially  cured,  such  adhesives  give  welds  having 
a  high  degree  of  vibration  and  temperature 
resistance. 

When  cements  employing  a  polystyrene  sol¬ 
vent  are  used,  and  most  cements  do,  the  unit 
should  not  be  stressed  or  assembled  until  dry. 
The  solvent  softens  and  weakens  the  polystyrene. 
If  a  load  is  applied,  before  the  solvent  evaporates 
and  the  plastic  becomes  rigid,  the  chance  for 
distortion  or  cracking  is  great. 

In  many  instances,  heat  sealing  may  be  used 
instead  of  cementing. 
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Production  Of  Precision  Radio 
Equipment”.  He  outlined  the  prob- 
lems  encountered  in  conversion 
from  peace-time  to  war-time  pro¬ 
duction  of  radio  equipment.  The 
precision  of  military  equipment  re¬ 
quired  completely  new  design  and 
methods  of  manufacture. 

Many  of  the  problems  encount¬ 
ered  in  building  precision  equip- 
ment  are  mechanical  rather  than 
electrical  in  nature  and  result  be¬ 
cause  of  the  relatively  large  ther¬ 
mal  coefficients  of  expansion.  For 
example,  in  a  frequency  meter,  the 
expansion  coefficients  were  suffi¬ 
cient  to  prevent  satisfactory  pro¬ 
duction  without  electrical  means  of 
frequency  compensation. 

In  general  it  is  the  practice  at 
Zenith  for  the  project  engineer  to 
be  completely  •  familiar  with  and 
take  full  charge  of  all  phases  of 
operation  and  production  of  one 
type  of  equipment.  This  makes  it 
possible  to  put  into  effect  quite 
rapidly  the  necessary  changes  in 
production  even  before  the  neces¬ 
sary  records  and  other  paper  work 
can  be  established. 

Packing  and  shipping  of  radio 
equipment  was  discussed  by  Wil¬ 
liam  Stack,  also  of  Zenith.  He 
pointed  out  that  what  was  standard 
practice  in  packaging  prior  to  the 
war  is  no  longer  adequate  because 
of  the  stringent  demand  of  military 
requirements.  Fungicide  sprays 
have  been  developed  and  radio 
equipment  is  now  frequently  sealed 
in  lead-lined  containers  containing 
several  pounds  of  silica  jel.  He 
estimated  that  equipment  protected 
in  this  way  could  be  immersed  in 
salt  water  for  two  years  or  more 
and  still  operate  when  removed 
from  this  submersion  test. 

Handling  of  change  orders  was 
discussed  by  Samuel  Jones  of  Zen¬ 
ith  Radio  Corp. 

Custom  Built  Equipment 

j  R.  E.  Samuelson,  chief  engineer 
of  the  Hallicrafters  Company,  said 
that  two  types  of  custom  built 
equipment  are  possible :  (1)  that  in 
which  all  design  and  production  is 
made  for  the  customer  as  required 
j  and  without  any  conmion  units  as 
a  basis  and  (2)  custom  units  built 
around  a  standard  basic  unit  of  con¬ 
siderable  flexibility,  in  which  the 
customer’s  demands  may  be  incor¬ 
porated  as  variations  of  design. 

The  Hallicrafters  organization 


Reiovable  Fibre  Wasbers  Make 
Laip  Equally  Accessible  on 
1/4  inch  er  1/16  iicb  Panels! 


•  Thidcness  of  panel  is  no  barrier  to  the  quick, 
easy  installation  of  the  new  DRAKE  No.  85  jewel 
Li|^t  Assembly.  Whether  it’s  a_  i  inch  or  a  l/l6 
inch  panel,  or  practically  any  thickness  in  between, 
all  can  be  accommodated.  Lamps  are  made  accessi¬ 
ble  by  simply  removing  the  fibre  washers. 

The  lo<king,  vibration-proof,  slip-fit  bezel  (jewel 
holder)  can  be  removed,  and  lamp  replaced  with 
the  fingers.  No  wrench  or  tools  are  needed.  90* 
turns  to  right  and  left  bring  total  black-out  or  com¬ 
plete,  even  illumination  over  entire  surface  of  jewel. 
Partiid  turns  produce  any  density  of  light  desired. 
Check  up  on  these  and  other  superior  features  of 
r— w  DRAKE  Patented  Assemblies. 

^  1  /  Have  you  sent  for  our  newest 

catalog? 


Interphone  Equipmen 

and  Component  Ports 


now  m  nooaam 

C0-318-A  JK-48  PL-68 

CD-307.A  PL-47  .  “A”  Plug 

CD-874  PL-54  BC-366 

JK-26  PL-5S  BC-347-C 

PE-86  SW-141 

JB.47  TD-3 


RADIO  AND  TELEVISION  CORPORATION 

"1030  W.  VAN  BUREN  ST..  CHICAGO  7.  ILL. 
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This  will  take  a  man  higher  even  than  a  P-’yi. 


military  and  naval  flyers,  and  makes 
possible  improved  instrument  design 
and  more,  efficient  operation. 

Experienced  engineers  and  a  medi¬ 
cal  staff,  trained  in  the  technique  of  the 
physiology  of  high-altitude  flying  de¬ 
veloped  by  the  Mayo  Qinic  and  the 
Medical  Dep)artments  of  the  Armed 
Forces,  direct  the  Sperry  laboratory. 
This  laboratory  serves  other  war  manu¬ 
facturers  as  well  as  our  Armed  Forces. 

It  is  Sperry’s  hope  that  the  tests  and 
studies  of  man  and  his  instruments  in 
this  laboratory  will  make  possible  the 
development  of  the  perfect  man-instru¬ 
ment  team  that  will  function  in  com¬ 
plete  harmony  in  the  frigid  blue  of  the 
stratosphere. 


bites  through  his  heated  flying 
suit.’  Will  an  instrument  that 
works  perfectly  at  2000  feet, 
"conk  out”  at  40,000  feet.’ 

The  laboratory  can  mechanically  simu¬ 
late  atmospheric  pressures  equivalent 
to  those  met  at  altitudes  over  45,000 
feet.  It  duplicates  temperatures  as  low 
as  87  degrees  below  zero  Fahrenheit. 

This  permits  the  testing  of  flight  in¬ 
struments  and  the  reactions  of  men  who 
use  them  under  atmospheric  and  tem¬ 
perature  conditions  virtually  identical 
with  those  met  8  miles  up. 

Testing  the  combination  of  man  and 
instrument  in  this  laboratory  will  result 
in  better  proteaion  for  the  lives  of  our 


This  scientific  apparatus  looks  quite 
earth-bound. 

But,  for  experimental  purposes  at  least, 
it  can  uke  a  man  higher  than  any  air¬ 
craft  ever  built. 

It  is  Sperry’s  new  High  Altitude 
Laboratory,  constructed  through  the  co¬ 
operation  and  assistance  of  our  Govern¬ 
ment,  and  dedicated  to  the  service  of 
our  Country  in  memory  of  Frederic 
Blin  Vose,  a  Sperry  engineer  who  lost 
his  life  in  the  performance  of  his  duties 
in  the  war  effort. 

This  laboratory  helps  find  the  an¬ 
swers  to  questions  like  these: 

How  does  man  react  in  the  strato¬ 
sphere  when  the  sub-zero  cold 


Sperry  Gyroscope  Company 


BROOKLYN,  NEW  YORK  DIVISION  OF  THE  SPERRY  CORPORATION 
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Efiry  Tyjie  leidy  fer  FAST  Miiirics 


The  surface  has  scarcely  been 
scratched  in  developing  in* 
dustrial  applications  for  elec* 
tronic  tubra!  Yet  today*8  war 
plants  are  using  vast  quantities 
of  new  and  replacement  tubes  .  . 
most  of  which  perform  vital  func* 
tions  in  connection  with  heating, 
measurement,  test,  power,  con* 
trol,  inspection,  and  special  re* 
search. 

W*J  has  perfected  a  unique 
INDUSTRIAL  EMERGENCY 
SERVICE.  Electronic  Tubes  and 
Supplies  of  every  description  arc 
made  speedily  available  .  .  spe* 
cial  stocks  and  technical  staffs 
are  constantly  ready  to  render 
this  fast  service,  everywhere. 
Send  your  orders.  Or  write  on 
company  stationery  for  free  refer* 
ence  book  and  buyer’s  guide. 


WALKER  JIMIESON,  INC. 

311  S.WESTERN  AVE..CHICAGO  12.IU. 
Phone  CANal  2525 


had  set  up  their  production  of  ama¬ 
teur  radio  equipment  on  the  second 
system,  which  was  found  to  be  well 
adapted  for  expansion  of  war  pro¬ 
duction  of  military  radio  equip¬ 
ment.  Early  experience  with  the 
HT-4  transmitter,  which  was  later 
developed  into  the  SCR-299,  was  re¬ 
called.  The  simplicity  and  versatil¬ 
ity  of  the  basic  design  were  impor¬ 
tant  factors  in  permitting  the 
rapid  expansion  of  manufacture  on 
a  production  line  basis  as  described 
in  the  April  1944  issue  of  Elec- 
ntONics.  In  the  interest  of  mass 
production,  no  design  changes 
which  will  delay  production  are 
i||ade  on  the  production  line.  When 
special  equipment  or  designs  are 
required,  it  has  usually  been  found 
possible  to  make  the  changes  u^n 
completion  of  a  standard  unit  or, 
if  this  is  not  feasible,  to  employ 
special  technical  help  (not  a  part 
of  the  production  line)  to  carry  out 
the  modifications  at  a  i>oint  re¬ 
moved  from  the  assembly  line. 

Herbert  Hartley,  also  of  Halli- 
crafters,  continued  the  discussion 
by  outlining  some  of  the  require¬ 
ments  of  amateurs  which  had  been 
found  desirable  for  military  appli¬ 
cation.  Complete  band  switching 
as  well  as  the  possibility  of  change 
ing  frequency  within  any  band, 
compactness  of  equipment,  coupled 
with  good  appearance,  and  high 
eflSciency  on  “watts  per  dollar” 
basis  were  high  on  the  list  of  de¬ 
sirable  features  of  radio  trans¬ 
mitter  equipment 

Excessive  Secrecy 

Paul  Smith,  of  Galvin  Mfg.  Corp. 
gave  a  talk  entitled  “How  Under¬ 
standing  Military  Detective-Meas¬ 
ures  Aid  Production”.  It  was  shown 
that  restriction  of  information  is 
sometimes  an  evil,  tending  to  thwart 
production  by  making  it  diflScult 
to  keep  personnel  thoroughly  in¬ 
formed  of  changes  required  and 
reasons  therefore.  Yet  the  demands 
of  *he  military  make  such  restric¬ 
tions  necessary. 

In  addition  to  the  restrictions 
imposed  by  the  Army  and  Navy, 
most  manufacturers  operate  under 
other  restrictions  imposed  by  the 
Federal  Bureau  of  Investigation, 
The  Secret  Service,  The  Office  of 
Scientific  Research  and  Develop¬ 
ment,  The  National  Defense  Re¬ 
search  Committee,  and  The  Office  of 
Emergency  Management.  The  re- 
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YOU  HAVE  IT  MADE  IN 
THE  EASTERN  PENN* 
SYLVANIA  AREA  .  .  . 

3[sd  JUA  JtaJiii  avui 
O^JlfDUh 

METAL 

REQIJIREMEIVTS 

★  GOLD  PLATING 

*  Under  strict  laboratory 
supervision 

★  SILVER  PLATING 

★  ALROK  processing 
of  Aluminum 

★  ANODIZING  of 
Aluminum ' 

★  MAGNESIUM 
PROCESSING 

★  ZINC  PLATING 
and  CRONAK 

Large  items  can  be 
handled 

• 

BONDERIZING 
PARKERIZING 
PARCO  LUBRIZING 

Extremely  large  units 
can  be  processed 

• 

ELECTRO  PLATING 
HARD  CHROMIUM 
NICKEL  -  TIN 

• 

PHILADELPHIA 
KUSr  PROOF  FO. 

3217  FRANKFORD  AVENUE 
PHILADELPHIA  34.  PA. 
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May  ELECTRONICS 


Executive  Offices:  100  East  42nd  Street,  New  York  17,  New  York 


Factories  in  Dobbs  Ferry,  New  York;  Mount  Vernon,  New  York 
(Metalix  Division);  Lewiston,  Maine  (F.lmet  Division) 


In  addition  to  electronic  tubes  and  quartz 
crystals  for  military  communications  on 
land,  sea  and  in  the  air,  we  make  for  our 
war  industries:  Searchray  (X-ray)  Appa¬ 
ratus  for  Industrial  and  Research  Applica¬ 
tions;  X-ray  Diffraction  Apparatus;  Direct 
Reading  Frequency  Meters;  Electronic 
Measuring  Instruments;  High  Frequency 
Heating  Equipment;  Tungsten  and  Molyb¬ 
denum  Products;  Fine  Wire  in  many  metals 
and  various  finishes;  Diamond  Dies. 

And  For  Victory  W'e  Say:  Buy  More  W  ar  Bonds 


/vpre/co  ELECTRONIC  PRODUCTS  by 

'NORTH  AMERICAN  PHILIPS  COMPANY,  INC. 


An  example  of  how  Norelco  quality  con¬ 
trol  begins  at  the  beginning  is  the  fine  wire 
which  goes  into  the  central  elements  of  the 
4- window  X-ray  Diffraction  Tube  illus¬ 
trated  below.  The  tungsten  is  of  our  own 
manufacture.  It  is  drawn  into  wire  in  our 
own  plant .  .  .  through  diamond  dies  of  our 
own  drilling. 

Quality  control  that  begins  at  the  begin¬ 
ning  is  common  to  all  Nojjelco  Electronic 
Tubes.  That  is  why  they  can  be  depended 


upon  for  high  efficiency,  consistent  perform¬ 
ance  and  long  life. 

Although  all  the  tubes  we  produce  are 
now  going  to  the  armed  forces,  we  invite 
inquiries  from  prospective  users  of  various 
types  of  Transmitter,  Amplifier,  Rectifier, 
Cathode  Ray  and  Special  Purpose  Electronic 
tubes.  A  list  of  tube  types  we  are  especially 
equipped  to  produce  for  commercial  com¬ 
munications  equipment  and  industrial  appli¬ 
cations  will  be  sent  on  request. 
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In  instruments  of  com¬ 
munications  of  every  de¬ 
scription —  in  radio  and 
television  equipment  —  in 
hundreds  of  different 
ways  STAR  STEATITE  can 
be  of  service  to  the  manu¬ 
facturer.  Whatever  the 
shape  or  size,  it  has  a  de¬ 
sirable  low  loss  factor, 
while  its  strength  and 
density  make  it  ideal  for 
many  mechanical  uses. 


M««tt  Government  SpceMeoflMi 
for  Grade  G  Ceramie* 


FORCE 


Electronics  Dept. 


2,uaiiiu 


AND  LOTS  OF  IT 


Transformers 
for  Combat 


In  Active  Service 
Over  the  Entire  Globe 


stnctions  of  these  various  orgaaiz. 
ations  are  seldom  correlated  and  at 
times  may  even  be  conflicting. 

An  extensive  study  of  the  re¬ 
quirements  of  these  various 
agencies  has  indicated  the  possibil¬ 
ity  of  establishing  a  policy  which 
can  be  applied  in  most  manufactur¬ 
ing  plants.  The  essence  of  this 
analysis  is  that  any  singly  order 
can  be  broken  down  into  various  de¬ 
grees  of  restricted  information,  and 
that  while  certain  phases  of  a  par¬ 
ticular  contract  may  be  highly  se¬ 
cret,  other  components  may  be  in 
the  confidential,  restricted,  unre¬ 
stricted  or  unclassified  classifica¬ 
tion.  By  recognizing  the  degree  of 
the  restrictions  required,  by  zon¬ 
ing  the  manufacturing  plant  in  such 
a  way  that  the  more  confidential 
matters  are  properly  protected  and 
surrounded  by  less  restricted  ac¬ 
tivities,  and  by  exercising  judicious 
surveillance  in  all  design  and  manu¬ 
facturing  phases,  a  completely  satis¬ 
factory  and  workable  system  may 
be  devised. 


London  News  Letter 

By  John  H.  Jupe 

London  Corrtepondent 

Super-sensitive  Voltammeter.  Us 
ing  a  taut  strip  suspension,  a  new 
voltammeter  has  recently  been  put 
on  the  market  in  Britain  with  the 
amazing  sensitivity  of  100,000 
ohms  per  volt.  The  lowest  current 
range  is  fi-10  microamperes.  A 
knife-edge  pointer  and  mirror 
scale  are  fitted  and  the  overall  ac¬ 
curacy  is  0.5  percent.  As  shown  in 
the  illustration,  the  instrument 


DINION  COIL  COMPANY 


ffitm  COMPANY  MASTER  CAM  LEVER  SWITCHES 


Co^^f  ^Company,  the  original  com  lever  switch 
^p^lists,  now  hove  the  newest,  most  complete  line  of 
Cam  Lever  Switches  ever  offered.  All  models  hove  such 
(patents  pending)  features  os  static  shielding,  roller  com 
action  with  no-sliding  friction,  single  bolt  contact  assembly  — 
all  are  of  metal  construction  for  strength  and  rigidity;  con¬ 


tact  build-ups  ore  assembled  under  pressure;  spacers  are 
varnish-impregnated  Bakelite;  improved  contact  wiping 
action  reduces  pitting  and  sticking;  new  spring  lifters  are 
riveted  in,  and  are  5/16'  in  diameter  to  prevent  sticking 
to  adjoining  sections,  and  to  guarantee  smooth,  positive 
action  —  all  are  built  to  Government  specifications. 


The  new  AAodel  MQ-CS  is  of  similar  design  to  our  familiar 
Model  MG.-FS,  except  that  coil  springs  are  used  instead  of 
fiat  springs  to  assure  floating  action  and  equal  pressure  on 
both  sides  of  the  cam,  regardless  of  the  number  or  arrange¬ 
ment  of  contacts  on  each  side  of  the  switch.  It  can  be  supplied 
with  either  light  or  stiff  action  on  the  control  knob  to  suit  your 
requirements.  This  model  is  rated  at  10  amperes,  125  vohs 
A.  C.  and  is  outstanding  for  long  life  and  dependability. 


The  new  Model  MQ.  “Midget",  for  aircraft  and  other  light 
duty  applications,  is  now  under  development.  This  will  be  the 
lightest  switch  ever  designed  for  this  field,  yet  will  have  aH 
the  features  of  the  larger  Model  MC-FS.  The  frame  is  made  of 
strong,  light  ntetal.  The  “Midget"  can  be  niounted  in  a  sing/e 
hole  in  the  control  panel.  It  is  rated  at  5  amperes.  We  will  be 
pleased  to  furnish  advance  details  to  design  engineers. 


The  new  Rotary  Cam  Lever  Switch  is  designed  for  one  to  six 
index  positions.  Any  combination  of  contact  arrangements  can 
be  used  in  each  of  these  six  positions.  It  is  adaptable  to 
actuate  practically  any  number  of  circuits  in  sequence  (or 
repeat)  with  the  convenience  of  a  single  control  knob.  A  single 
hole  only  is  required  for  mounting,  and  contacts  in  any  section 
can  be  removed  from  frame  by  removing  a  single  bolt.  The 
Rotary  is  rated  at  10  amperes,  125  volts  A.  C. 


Our  new,  modem  plant  makes  available  many  times  the 
previous  floor  space  for  expansion  of  present  products  and 
development  of  new  products.  New  facilities  include  a  com¬ 
pletely  equipped  loboratory,  and  an  engineering  staff  for 
development  work.  In  addition  to  Cam  Lever  Switches,  General 
Control  Company  manufactures  32  types  of  manually-operated 
foot  switches,  electro-mechanical  and  electronic  control  devices, 
and  production  gauging  equipment. 


GENERAL  CONTROL  COMPANY 

% 

1200  SOLDIERS  FIELD  ROAD,  BOSTON  34,  MASS. 
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BURGESS  BATTERIES 


follows  the  usual  design  of  sub¬ 
standards  in  general  appearance. 
All  range  changes  are  made  by 
means  of  a  single  switch. 

The  value  of  such  an  instru¬ 
ment  in  the  radio  laboratory  is  im¬ 
mense  and  I  believe  that  it  will 
prove  very  useful  in  the  television 
field  as  external  resistors  can  be 
supplied  to  extend  the  voltage 
range.  It  is  made  by  the  London 
firm  of  H.  Tinsley  and  Co.  and  the 
price  in  Great  Britain  is  approxi¬ 
mately  equivalent  to  $60. 

Electronic  Prospecting  Lamp.  The 
use  of  electronics  in  prospecting 
for  minerals  has  taken  a  new  turn 
with  the  introduction  of  a  small 
portable  ultraviolet  ray  lamp  by 
G.  E.  Co.  of  Britain.  It  solves  the 
difficulties  of  examining  certain 
rock  specimens  when  the  wanted 
ore  is  practically  the  same  color 
as  the  surrounding  material.  An 
example  is  scheelite  (calcium 
tungstate)  which  is  used,  among 
other  things,  for  cathode-ray  tube 
screens.  Under  ultraviolet  illum¬ 
ination,  the  true  ore  glows  with  a 
brilliant  bluish-white  light  and 
can  be  easily  detected. 

The  new  lamp  uses  a  cold  cath¬ 
ode  mercury  vapor  tube,  bent  to  a 
U-shape  and  fitted  with  a  conven¬ 
ient  handle.  Alternating  current 
at  the  required  voltage  is  obtained 
from  a  low  voltage  direct  current 
source  by  the  use  of  a  vibrator  and 
transformer. 

Electro-Chmnical  Etching.  It  is 
common  in  engineering  work  to 
mark  metal  objects  but  the  exist¬ 
ing  methods  have  a  variety  of 
drawbacks.  Acid  etching  and  en¬ 
graving  are  slow  and  expensive, 
while  some  modern  alloys  are  too 
hard  for  either  engraving  or 
stamping.  The  last  mentioned 
method  is  certainly  rapid  but  it 
sometimes  tends  to  deform  an  ar¬ 
ticle  or  to  raise  nasty  burrs. 

A  new  method  overcomes  these 
difficulties  and  can  be  applied  to 
practically  any  metal,  including 
stainless  steel,  high-speed  steel. 
Stellite  copper,  iron,  nickel,  brass, 
white  metals,  resistant  alloys  etc., 
and  is  quite  cheap  and  quick  to 
operate. 

A  main  feature  is  that  ordinary 
wax  stencils,  such  as  any  typist 
can  prepare;  are  used  as  “mas¬ 
ters”.  A  few  sheets  of  blotting 
paper  are  placed  on  the  lower 


No.  5  — Land  Mine  Detectors 


MQUmES  ONLY  NAPID  ILUTI0LYTE-. 
lANID  METAL  OLIANEI— NANID  AmiCt- 
TOR. 

•  Platbiq  ciimat  is  obtaiasd  from  dry 
colls,  storoqo  baMory,  or  any  ooiiToiiisiit 
soureo  of  diroct  curront  at  3  to  •  V^  or 
uso  Eapid  Platiaq  Roctlfior  for  hoary 
work. 

•  For  sUror  surfoeiaq  bos  bar  coaaoo. 
tioas,  lugs,  switch  blados,  ote.  For  plal> 
iaq  or  touehlag  up  oiiaeoUaaoous  sur- 
locos  with  codatium,  aickoL  slac,  eoppor 
aad  gold.  Boildiag  up  Uoiitod  aroas. 
Hard  surfoeiaa  with  oickoL  Usod  la  shop 
or  Bold.  Spoaal  oppliccrtors  dosigiMd  to 
spood  up  productioa  liao  lobs. 

Osr  loborofory  It  glad  H  csspsrofo. 

No  obllgoflos 

Rapid  Electroplatiig  Proceas,  lie. 

1414  S.  Wabash  Ava..  Chicago  5,  lit 
*21  eroybv  RMg.  237  RMfo  Hdo. 

Now  York,  N.  Y.  Soa  PtoosNsoTmi. 


Sift*/  Ctrfs  Pint 

"Ofvmme  too"  of 

otir  expert  military 
mine  crews  is  this 
battery-powered  mine  detector.  Its  sensi¬ 
tive  electronic  circuit  unerringly  locates 
enemy  mines  so  they  can  be  harmlessly 
removed,  thus  saving  many  lives.  This 
is  only  one  of  the  many  essential  war  uses 
to  which  “portable  power”  is  put. 


NUMBERING  and 
LETTERING  PRESS 


MODEL  40 


SnOAl.PUHPOSt  BATTBUiS  have  always 
been  a  specialty  of  Burgess  engineers. 
Puzzling  problems  of  size  and  operating 
characteristics  dissolve  in  their  expert 
hands  . . .  your  problem  will  be  welcomed. 


Quickly  stamps  serial  numbers 
and  other  details  on  name 
plates,  names  and  numbers  on 
tags,  etc.  Can  also  be  fur¬ 
nished  for  HOT  stamping. 
Write  for  catalog. 


FREEi-.lMOIMitItING  HANDBOOK 

80-page  manual  of  basic  data  and  char¬ 
acteristics  of  dry  batteries  for  all  electronic 
applications.  Tabbed  for  ready  reference. 
Write  Dept.  9  for  free  copy.  Burgess 
Battery  Company,  Freeport,  Illinois. 


NUMBERALL 

STAMP  &  TOOL  CO. 

Huguasot  Park  Stotas  Istaod.  N  Y, 


ELECTRONICS 


and  identification 
■larken  are  Natrar. 


1  ileflex  harnesses  physically  protect  high  tension  ignition  systems 
(rom  magneto  to  plugs  and.  at  the  same  time,  shield  vital  lines  of 
communication  from  the  principal  source  of  interference  — the 
ignition  system  itself. 
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#  Vamishad  cambric— straight  cwt  and  bias 


A  tremendous  job.  when  you  stop  to  consider  that  these  Fiteflex  har-  •  Vamishad  cabia  tapa 


nesses  perform  in  a  wind  stream  of  over  300  m  ph  —  with  or  without 
rain  and  ice.  but  always  subject  to  vibration.  And  at  temperatures 
ranging  from  SO'^F.  below  zero  up  to  300°F.  at  the  spark  plug  end! 

We  are  proud  of  the  fact  that  Natvar  extruded. vinylite  tubings 
and  identification  markers  are  contributing  to  this  performance. 

What  about  your  requirements?  Write,  wire,  or  phone  us  for 
deliveries  either  from  nearby  wholesaler  s  stock,  or  from  our  own. 


NAL  VARNISHED 


TILfrHONi 

RAHWAY  7-2171 


CASLI  ADOtiSS 

NATVAR:  RAHWAY,  N.  J. 


#  Vamishad  dwck 

*  Vamishad  callulosa  acalala 

•  Vamishad  Fibacglas  cloth 

*  Vamishad  papars 

*  Vamishad  twbings  and  siaaving 

#  Vamishad  idantificatian  markars 

*  Lacguarad  twbings  and  slaavings 
Extrudad  Vinylita  twbing 

•  Extrwdad  Vinylita  idantificatian  markars 

Write  for  bulletins 


UCTS 


201  RANDOLPH  AVENUE 


WOODBRIDGE  NEW 


JERSEY 
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PEEHLESS 


1.  KfLNOR  Weight  Only  •  Oun<M 

2.  Spncial  KELNOR  ExfnndabU  Tip 
2.  Balancnd  KELNOR  AngU-Hnod 

4.  N«w  Typ«  Hnating  Element 

5.  Comfort* Cool  Rki*tk  Hondio 
4.  AlUCoromic  Soolod  InculoHon 
7.  Ruggod  Woldod  Conttrwetion 


SEALED 

HERMETICALLY 

A  completely  new  Peerless  design  for 
a  vacuum-tight,  moisture-proof  trans¬ 
former.  Can  be  produced  in  any  de¬ 
sired  size  or  capacity  to  customer’s 
spedheadons. 

•  7lio  Woft'i  lorgorf  PlonI  Dovetod  Exciv- 
livoly  to  th»  Prodoction  of  fin*  Troiuformort 
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HARD -TO -SOLDER' 
PLACES  ARE  EASY 

to  reach  with  the  efficient  KELNOR  iron 
which  quickly,  accurately  solders  without 
danger  of  burning  insulation  on  adjacent 
.  and  in  places  most  difficult  to 
get  at' with  conventional  type  irons. 


KELNOR  SOLDERING  IRONS 


A  precision ‘built  tool  of  highest  quality. 
KELNOR  Soldering  Irons  are  specially  de¬ 
signed  for  making  quick,  solid,  sure  con¬ 
nections  in  such  fields  as  Radio,  Aircraft, 
Telephone,  Telegraph,  Shipbuilding,  etc. 

APPROVED  BY  UNDERWRITERS  LABORATORIES,  Inc. 


Order  throvah  your  JOBBER  —  or.  for  more  faeit.  and  orice*.  write 

KELNOR  MANUFACT0RIN6  CO.  CENTRAL  TOWER,  SAN  FRANCISCO  3 


ELECTRICAL  PRODUCTS  CO. 


‘6920  McKinley  Avenue,  Los  Angeles  1,  California 


Brittah  electro-chemical  etchiog  appg. 
ratus  for  marking  metal  equipment  and 
tools 

block  shown  in  the  illustration  and 
are  damped  with  a  special  etch¬ 
ing  solution.  The  stencil  is  then 
laid  on  the  pad  with  the  article  to 
be  marked  on  top.  Finally,  the 
upper  electrode  is  placed  in  posi¬ 
tion  and,  after  current  has  been 
flowing  for  about  6-50  seconds,  an 
engraving  approximately  0.0005 
inch  deep  is  produced.  Awkardly 
shaped  articles  may  be  dealt  with 
by  fitting  a  damped  pad  and  stencil 
to  a  curved  metal  surface  and 
rolling  the  pad  over  the  job. 

Many  types  of  work  lend  them¬ 
selves  to  etching  on  simple  ma¬ 
chines  designed,  for  the  purpose 
and,  as  a  stencil  is  normally  good 
for  about  15  etchings  and  up  to 
50  small  articles  may  be  treated 
at  once,  the  method  can  be  easily 
dovetailed  into  modern  production 
schedules. 

The  approximate  price  of  the 
complete  equipment  is  $100,  exclu¬ 
sive  of  packing,  and  it  is  sold  by 
Griffin  and  Tatlock  Ltd.  of  London. 

Automatic  Machine  Finds  Bent 
Tube  Pins.  It  is  surprising  how 
mechanical  vibrations  are  being 
increasingly  used  in  engineering 
production  as  a  means  of  analyz¬ 
ing  and  sorting.  A  recent  develop¬ 
ment  which  has  come  to  my  notice 
concerns  the  testing  of  radio  tube 
pins  for  straightness  and  burrs  on 
the  end.  It  was  found  that  defec¬ 
tive  pins  jammed  in  the  base-fit¬ 
ting  machines  and  caused  a  10-15 
minute  shutdown  each  time.  Hand 
inspection  was  too  slow  and  ex¬ 
pensive  and  eventually  the  London 
firm  of  Fraser  and  Chalmers  de¬ 
veloped  a  machine  to  do  the  job 
automatically. 

The  method  is  quite  simple.  A 
table  vibrated  by  an  electromag¬ 
netic  vibrator  is  fitted  with  glass 
decks  which  slope  very  slightly  in 
a  direction  at  right  angles  to  that 


with  POWi 


By  simply  turning  a  knob  on  the  manually  operated 
POWERSTAT  Variable  Voltage  Transformer  or  by  pushing  the 
control  button  of  the  MOTOR -DRIVEN  POWERSTAT  the 
proper  voltage  is  applied  to  infrared  lamps  to  meet  your  heating 
requirements.  The  exact  energy  needed  to  process  materials  of 
varying  thickness,  color,  or  moisture  content  is  conveniently  and 


accurately  obtained  with  POWERSTAT  variable  voltage  control. 


POWERSTAT  control  eliminates  complicated  mechanical  and 


meaning  more  speed,  greater  economy. 


electrical  arrangements 


and  reduced  space  requirements. 


Produced  in  sizes  up  to  75-  KVA  for  single  or  polyphase  opera 


lion  on  1  15,  230,  or  440  volt  circuits  a  POWERSTAT  can 


Sen</  for  Bulittinr  149LE  and  16311  "  P''  *-"""*  P'««^ 

SUPERIOR  ELECTRIC  CO.  204  LAUREL  ST.  BRISTOL,  CONN. 
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of  the  oscillation.  The  pins  to  be 
inspected  are  fed  on  to  the  decks  | 
at  a  point  where  the  motion  would  ' 
tend  to  make  them  travel  forward. 
Straight  pins  then  move  in  a  lat¬ 
eral  direction,  as  gravity  tends  to 
make  them  roll  sideways,  while 
the  motion  of  the  table  tends  to 
move  them  forwards.  Faulty  pins, 
however,  do  not  roll  but  more  or 
less  move  forward  in  a  straight 
line. 

This  difference  in  modes  of 
movement  is  used  to  separate  the 
good  and  bad  pins.  Deviation  of 
more  than  0.006  inch  from 
straightness  or  a  lip  of  more  than 
0.003  inch  will  cause  rejection. 

F-M  in  a  Nutshell.  “F-M  makes  a 
fair  signal  perfect,  a  poor  signal 
good  and  a  useless  signal  inaud¬ 
ible.”  K.  I.  Jones  of  Cossors  Ltd. 

Thermal  Tuning.  I  came  across  an 
interesting  British  patent  recently 
in  which  the  resonant  frequency  of 
a  circuit  is  varied  in  an  ingenious 
manner.  It  makes  use  of  the  fact 
that  the  strict  formula  for  a  paral¬ 
lel  resonant  circuit  includes  a 
resistance  term,  which  is  generally 
ignored  as  its  effect  is  small.  Un¬ 
der  certain  circumstances,  however, 
it  must  be  taken  into  account  and 
it  is  then  possible  to  vary  the  reson¬ 
ant  frequency  merely  by  varying 
the  resistance  included  in  the  cir¬ 
cuit.  In  the  patent,  a  resistor  com¬ 
posed  of  compounds  having  a  very 
high  temperature  coefficient  of  re¬ 
sistance  is  made  to  form  part  of 
the  oscillatory  circuit.  Then,  by 
placing  a  small  electric  heater  ad¬ 
jacent  to  the  resistor,  the  resonant 
frequency  can  be  changed  by  vary¬ 
ing  the  current  through  the  heater. 


U9M  in  w*i9M  and  pot- 
Mtsing  axcollant  working 
^  qwolitiot,  SAER  fobrico- 
^  tions  of  phonoi  Rbro  ond 
wlconiiod  Rbro  oro  tiampod,  pimchod, 
Mwod,  drillod  and  mochinod  to  oxoct- 
big  opocHkationt.  Tho  biboront  long- 
ICKtbig  cbaractoriMic*  of  iboto  intwiation 
•notorioh  offor  broad  uopo  bi  appll- 
coHont  whoro  wnbitorryptod  sorvico  it 
osoontiol.  Whothor  your  roqwiromontt 
bivolvo  intricato  or  timpio  thopos,  iorgo 
or  unall  qoantitios,  or  rootonably  fast 
or  fwtwro  dolivorio*,  SAER  ongbioor*  aro 
oqiiippod  to  moot  yowr  noods  »ati»fa<- 
torily.  Writo  today  for  illwstratod  Data 


BUSHINGS 


Electrons  hove  but  one  inherent  urge  and  that  lurge  is  to 
escape.  Controlled  and  directed,  they  ore  a  mighty  force. 
In  organizing  and  harnessing  this  incredible  army  of  tiny 
workers  for  wartime  radio  conununicotion  and  radar  use, 
electronic  engineers  find  it  necessary  to  pep  up  and  pattern 
this  force  before  permitting  its  mad  rush  out  into  space.  In 
this  engineering  scheme,  electronic  equipment  requires, 
along  with  other  important  ports,  many  types  of  Co-axial 
Cable  Connectors,  in  the  wartime  manufacturing  of  which 
Astatic's  extensive  facilities  are  now  largely  employed. 
Astatic's  Co-axial  Cable  jConnectors  meet  rigid  government 
requirements  and  are  used  and  highly  praised  by  many 
leading  manufacturers  of  wartime  radio  and  radar  equipment, 

PiOMW  Mcmuiacturxn 


ANEPA  Investigation 

Liquidation  op  the  Army-Navy 
Electronics  Production  Agency, 
after  an  investigation  conducted  by 
the  staff  of  the  Committee  on  Civil 
Service,  House  of  Representatives, 
has  been  agreed  upon  by  members 
of  the  committee,  according  to  Rep. 
Robert  Ramspeck,  chairman  of  the 
Committee.  It  was  charged  that 
the  agency  was  duplicating  the 
work  of  Army  and  Navy  expeditors 
and,  to  a  large  extent,  overlapping 
the  functions  of  WPB. 
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IN  1940  the  Signal  Corps  brought  one  of  its  toughest 
radio  assignments  to  Bell  Telephone  Laboratories 
and  Western  Electric. 

A  rugged  multi-frequency  set  was  wanted  for  the 
armored  forces.  It  must  be,  in  effect,  a  radio  switchboard 
to  interconnect  tanks,  scout  cars,  command  cars,  artil¬ 
lery  units,  anti-tank  vehicles. 

The  model  was  ready  in  one  quarter  of  the  time 
normally  required  to  design  and  build  such  a  complex 
set— an  FM  transmitter  and  receiver  having  80  crystal 
controlled  frequencies.  Any  10  crystals  could  be  quickly 
plugged  in — and  push  buttons  provided  instant  switch¬ 
ing  from  one  channel  to  another.  The  set  was  tested — 
accepted — ordered  in  quantity. 

Meanwhile  Western  Electric  engineers  were  tackling 
knotty  production  problems — tooling  up  of  plant,  train¬ 
ing  girls  for  the  exacting  work,  procuring  raw  materials, 
setting  up  complex  testing  procedures. 

Among  the  toughest  problems  were  those  of  crystal 


manufacture.  Millions  of  these  tiny  quartz  wafers  would 
be  needed — each  lapped  to  dimensions,  silver  plated  in  a 
vacuum,  and  mounted  on  wires  so  small  that  they  must 
be  soldered  in  place  under  a  microscope.  Amazing  new 
machines  and  methods  were  devised — and  the  crystals 
came  out  on  time. 

Radio,  electrical,  mechanical  and  industrial  engineers 
at  Western  Electric — Bell  Laboratories  men  and  Signal 
Corps  men — all  contributed  invaluable  aid.  Early  pro¬ 
duction  goals  were  met — volume  increased  steadily. 

Today  huge  numbers  of  units  have  been  delivered. 
They  are  providing  the  instant  communications  that 
enable  our  armored  forces  to  travel  farther  and  faster 
and  to  hit  harder! 

Buy  War  Bonds  regularly  —  all  you  cant 

Western  Electric 

iOWR  ARSINAL  OP  COMMUNICATIONS  EQUIPMENT 
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LAMP  CHANGED  from  FRONT  or  BACK  of  PANEL 


^  Series  800 

PILOT  LIGHT 


Detachable  spring  member,  with 
socket  and  rigid  non-short  termi¬ 
nals  integral,  is  easily  removed 
from  back  without  disturbing  wir¬ 
ing.  Locks  firmly  in  place  again, 
free  from  rattles.  I "  Jewel  holder 
slips  out  of  body  if  lamp  change  is 
desired  from  front  of  panel.  Avail¬ 
able  with  miniature  or  candelabra 
screw  sockets  or  miniature  bayonet 
socket.  Facted  or  plain  Jewels,  or 
frosted  Jewels  with  colored  discs. 


RvqiMst  Cafaloq  of 
complofo  IIm  of  ofhor 
modois. 


Qot^. 

f  MANUFAi 


MANUFACTURING 
COMPANY 


1310  N.  NINTH  ST.  SPRINGFIELD,  ILL 


EISLER  ELECTRONIC  EQUIPMENT 

98%  Of  All  AHericai  Radio  Tobe  Makers  Use  EISLER  EqaipMeat 


GLASS  TUM  SLICU 


STIM  MACHINIS 


No.  11-TU 
■UTT  WELDIRS 


No.  9S-L 


We  monuiacture  tovoral  hun¬ 
dred  different  types  of  ma¬ 
chines  for  the  Electronics  in¬ 
dustries.  Also  o  complete  line 
of  special  transformers  and 
spot  welders  up  to  500  KVA. 

WRITE  FOR  COMPLETE  DETAILS 

CHAS.  EISLER 


SEALING  MACHINES 


No.  93 


EISLER  ENGINEERING  CO. 

751  SO.  13TH  STREET  (Near  Avon  Avo.)  NEWARK.  3,  N.  J.,  U.  S.  A. 


Chicago  Radio  Engineers 
DUcnss  Postwar  Electronics 

J.  E.  Brown,  assistant  vice-presi¬ 
dent  of  Zenith  Radio  Corp.,  Hugh 
Knowles,  vice-president  of  Jensen 
Radio  Mfg.  Co.,  and  Beverly  Dud¬ 
ley,  Western  Editor  of  Electron¬ 
ics,  led  a  round  table  discussion 
on  the  postwar  outlook  for  the  elec¬ 
tronic  industry  at  a  meeting  of  the 
Radio  Engineers  Club  of  Chicago 
in  March. 

In  an  informal  discussion,  the 
future  of  postwar  television  and 
frequency  modulation  was  dis¬ 
cussed,  particularly  with  regard  to 
emphasis  on  the  probable  develop¬ 
ment  of  high  fidelity  broadcasting. 
The  majority  opinion  seems  to  be 
that  while  there  were  possibilities 
of  producing  high  fidelity  equip¬ 
ment,  the  public  was  not  yet  edu¬ 
cated  to  take  full  advantage  of  the 
present  technical  possibilities. 

Mr.  Dudley  pointed  out  that  in¬ 
duction  heating  devices,  electronic 
welding,  electronic  motor  control, 
and  certain  phases  of  industrial 
electronic  control  appeared,  at  the 
present  time,  to  offer  the  greatest 
possibilities  for  packaged  electronic 
I  items  in  the  postwar  market.  There 
is  a  great 'desire  on  the  part  of 
manufacturers  to  sell  packaged 
electronic  items  but  development 
has  not  yet  reached  the  point  where 
it  is  possible  to  eliminate  a  rather 
considerable  degree  of  engineering 
in  most  electronic  applications  to 
industry. 

It  was  pointed  out  that  in  the 
postwar  field,  it  appears  likely  that 
the  electronic  engineer  will  be  added 
to  the  staff  of  manufacturing  com¬ 
panies  and  will  work  in  cooperation 
with  the  mechanical  engineers  in 
the  design  and  production  of  new 
equipment.  Such  a  procedure  would 
make  it  possible  for  electronic  con¬ 
trol  systems  to  be  incorporated  as 
an  integral  part  of  the  unit  rather 
than  as  .being  added  as  an  acces¬ 
sory  unit  which  is  now  often  the 
case. 

As  a  result  of  the  vast  interest  in 
communications  and  industrial  elec 
tronics,  it  appears  likely  that  col 
leges  may  offer  courses  in  indus 
trial  electronics  in  which  the  in 
dustrial  applications  are  systems 
tized  and  treated  in  a  manner  sim 
ilar  to  that  of.  radio  communication 

Many  startling  and  revolution 
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When  our  transformer  plant  was  organized  22  months  ago, 
four  MUST  rules  were  laid  down.  In  order,  they  were: — 

1.  Make  the  best  product  possible. 

2.  Buy  only  the  finest  in  raw  materials. 

3.  Use  a  polymerization  vacuum-varnish  im¬ 
pregnation  process  combined  with  pressure. 

4.  Guarantee  unconditionally  every  unit 
manufactured. 

Today,  when  you  have  a  Langevin  Transformer,  you  have 
all  these  plus  rigid  manufacturing  control  and  inspection. 
Your  inquiries  for  quality  transformer  products  are 
solicited.  Capacity  to  5  KVA. 


The  La n g ev i tt  Co m p a ti y 

INCORPOBATtO  “ 


SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 


NEW  YORK 
37  W  65  St.,  23 


SAN  FRANCISCO 
1050  Howard  St.,  3 


LOS  ANGELES 
1000  N.  Seward  St.,  38 


water. 


H  Designing  Molded  Plastics  Parts:  g-e  mycalex 

From  the  engineering  files  of  One  Plastics  Avenue 


G-E  mycalex  is  an  inorganic  compound  composed  of  ground  mica  and  a  special  glass,  having 
unique  heat  and  electrical  properties,  and  ranking  above  all  other  insulators  for  certain 
applications  because  of  a  combination  of  features  possessed  by  no  other  material.  Because 
it  is  singularly  different  from  other  molding  compounds,  special  consideration  must  be 
given  in  designing  parts  to  be  made  from  G-E  mycalex.  This  material  is  particularly  valuable 
for  use  in  ignition,  radio  and  electronics  equipment. 


Desired  Design  Characteristics  of  G-E  mycalex  Parts 


1.  Well  rounded  comers  and  fillets. 


2.  Three  to  five  degree  taper  on  mold  walls  is  desirable. 


3.  Minimum  wall  thickness  of  parts  ^  inch. 


4.  Minimum  hole  diameter  inch. 


Advantages  of  G-E  mycalex 


1.  Ready  anchorage  of  metallic  inserts  in  material  during 
molding. 


2.  Molding  of  holes  in  part. 


TYPICAL  G.E.  MYCALEX  MOLDED  PART 
WITH  INSERT 


3.  Close  tolerances  in  molding. 


4.  Ability  to  produce  intricate  shapes. 


5.  Reduction  or  elimination  of  finishing  and  machining 
operations. 


•Types  of  G-E  mycalex 


Properties 


#2801  — General  purpose  grade  for  all  molded 
parts.  Us^  where  mechanical  strength  is  of 
primary  importance. 


1.  High  dielectric  strength. 


2.  Low  power  factor. 


3.  Prolonged  resistance  to  electric  arcs. 


#2800  — Lower  loss  factor,  lighter  weight  and 
smoother  finish.  Unaffected  by  changing  at¬ 
mospheric  conditions;  has  superior  stability  of 
power  factor  after  prolonged  immersion  in 


4.  Chemical  stability:  negligible  deterioration  with  age. 

5.  Dimensional  stability;  freedom  from  warpagc,  shrinkage, 

etc.  ' 


6.  Imperviousness  to  water,  oil,  and  gas. 


7.  Resistance  to  sudden  temperature  changes.  *' 


8.  Low  coefficient  of  thermal  expansion. 


9.  Exceptional  heat  resistance. 


10.  Insulating  properties  compare  favorably  with  porcelain. 


GENERAL  ELECTRIC  is  thenation^s  larg¬ 
est  molder  of  plastics.  The  combined 
experience  and  plastics  ‘^know-how** 
of  its  chemists,  designers,  product 
engineers,  toolmakers  and  molders 
is  available  to  all  interested.  Write 
for  G-E  mycalex  booklet.  Section 
N-250,  General  Electric  Co.,  Plastics 
Divisions,  Pittsfield,  Mass.  '  v. 


Hsor  Nm  Gsiisrof  Efsctrtc  radio  programt:  "Th»  G-E  AII-giH  Orcfiotfro"  Sunday  K)  p.m.  EWT,  NBC.  "Tha  World  Today”  nows,  ovary  wookday  6:45  p.m.  EWT,  CBS. 


BUY  WAR  BONDS 


GENER  ALf^ELECTRlC 


GOULD-MOODY 

SC^idiSecd 


ary  applications  of  the  principles 
of  electronics  are  possible  but  not 
all  of  these  have  sufficient  economic 
advantage  to  warrant  their  adop¬ 
tion.  It  was  pointed  out  that  the 
adoption  of  electronic  devices  after 
the  war  would  depend,  in  large 
measure,  upon  their  economic  ad¬ 
vantage  or  their  ability  to  accom¬ 
plish  things  which  cannot  be  done 
at  all  or  which  cannot  be  done  well 
by  other  systems. 


ELECTRONIC 

PARTS 

/or  IMMEDIATE  DELIVERY! 

RESISTORS— CONDENSERS— 
TUBES— EQUIPMENT- 
TRANSFORMERS.  ETC. 

. .  Our  complete 

JUST  OUT! 

mcnt  ezpeiiencei 


Television  at  ASME  Meeting 

Application  of  motion  pictures  to 
war  needs  was  the  dominant  theme 
of  the  56th  semi-annual  technical 
conference  of  the  Society  of  Motion 
Picture  Engineers  held  in  the  Hotel 
Pennsylvania,  New  York,  in  April. 

-  A  symposium  on  television  high¬ 
lighted  the  opening  session.  High¬ 
speed  photography,  16-mm  film  de¬ 
velopments,  and  16-mm  standard¬ 
ization  were  a  few  of  the  other  top¬ 
ics  covered. 


and  technic^ 
knOwledM  malr^ 
us  the  logical 
source  for  all 
your  Electronic 
Parts  and  Equip¬ 
ment  require¬ 
ments. 

Give  us  your 
orders  —  large 
and  small.  We 
can  “deliver  the 
goods’* — sooner! 


Detirei 


FRECI  800  FACE 
BUYER'S  GUIDE 
KinSN  «rHt  sn  Conpany 
ktttfMsd,  |Mni  titk. 


Advan 


Radio  Business  News 

Hytron  corporation  has  acquired 
a  feeder  plant  at  Beverly,  Mass, 
for  production  of  electronic  tube 
mounts. 


Webster  products,  making  dyna- 
motors,  voltage  regulators  and  in¬ 
verters,  has  increased  floor  space 
by  nearly  20  percent. 


REFLEX 

SPEAKERS 

are  now  the 
ACCEPTED 
STANDARD 

for  all 

WAR  USE 


The  tributes  paid  to  "Black  Seal" 
discs  by  many  leading  engineers 
have  been  earned  by  distin¬ 
guished  service  on  the  turntable. 
Your  ears  will  recognise  the  dif¬ 
ference  in  quality  of  reproduc¬ 
tion,  and  the  longer  play-back 
life  will  prove  the  superiority  oi 
"Black  Seal"  construction.  Choice 
of  two  weights  —  thin,  flexible, 
interchange^le  with  aluminum, 
or  medium  weight  —  both  with 
lour  holes. 

An  AA-2X  rating  is  automatically 
available  to  broadcasting  sta¬ 
tions,  recording  studios  and 
schools.  Enclosure  of  your  prior, 
ity  rating  will  facilitate  delivery 
Old  AlumiBuoi  Blanks  Rscoatsd  with 
“Black  Sool"  Formula  on  Short  Nolico 


A  SUSPENSION  ORDER  has  been  is¬ 
sued  by  WPB  prohibiting  a  Boston 
firm  from  receiving  electronic 
equipment  for  three  months  and 
restraining  sales  except  on  orders 
carrying  a  AA-1  priority  rating. 
The  action  arose  from  complaints 
that  the  company  scheduled  orders 
for  7,660  radio  tubes,  certifying 
that  it  was  entitled  to  purchase 
them  under  the  provisions  of  order 
L-266.  WPB  claimed  that  the  cer¬ 
tifications  were  false  in  that  the 
tubes  ordered  were  not  required  to 
replace  tubes  delivered  to  customers 
out  of  inventory. 


EVERY  REFLEX 
in  the 

UNIVERSITY  LINE 
if  the  result  of 
YEARS  of 
RESEARCH 


EVERY  REFLEX 
in  the 

UNIVERSITY  UNE 
has  a  vital  pert 
to  play  in  tha 
WAR  PROGRAM 


Thara  ara 

OVER  50  SPEAKERS 
in  tha 

UNIVERSITY  LINE 


Phil-American  iNa,  peacetime 
maker  of  Philharmonic  radios,  will 
move  the  entire  plant  to  628  East 
72nd  St.,  New  York,  N.  Y.,  a  six¬ 
fold  increase  in  space.  The  com¬ 
pany  now  manufactures  military 
radio,  test  equipment  and  naval 
ordnance. 


Submit  your  special 
problems  direct  to  our 
engineering  depart- 
ment. 


1'  ft's  •  C  « 


R.  P.  M.  Th/s  method  places 

no  load  whatsoever  on  the  machine  being  tested. 

Instruments  have  found 
their  way  into  many  unusual 
applications  such  as  this.  The  solution  to  your 
special  problem  may  be  found  here.  Just  drop  a 
note  giving  us  the  details,  and  our  engineers  will 
be  glad  to  cooperate,  without  cost  or  obligation, 
of  course.  Ask  for  -hp-  catalog  No.  17  A 
which  gives  much  valuable  information 
about  electronic  tests  and  measurements 
as  well  as  complete  data  on  -hp-  instru- 
1^^  ments.  Write  today! 


HEWLEH-PACKARD  COMPANY 


Palo  Alto,  California 


P.  Q.  Box  847A,  Station  A 
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1171  TREMONT  ST..  BOSTON  20.  MASS..  U.S.A. 


CARTER  '3en£mdtbt 

THE  RELIABLE  POWER  SUPPLY 
OF  FANOUS  COMMUNICATION  EQUIPMENT 


Thousands  of  these  Carter  Original  Genemotors  ore  constantly  providing  that 
something  "extro"  in  MOTOROLA'S  famous  FMT-30D  Mobile  FM  Radio  trans¬ 
mitter,  pictured  above.  Why  not  submit  your  requirements  ond  become  acquainted 
with  this  preferred  Power  Supply? 

The  latest  catalogue  of  Carter  products  will  be  sent  upon  request. 

^  ■■  I .  ill  ■  ll__  ■ 


Electrical  Apparatus  Co.  is  now 
located  at  1200  Soldiers  Field  Roud, 
Boston,  Mass.,  where  a  completely 
equipped  demonstration  laboratory 
is  in  charge  of  a  qualified  engineer. 


Electric  Service  Manufacturing 
Co.  is  the  new  name  of  Electric 
Service  Supplies  Co.  of  Philadel¬ 
phia,  Pa. 


Stromberg-Carlson  Co.,  owner  of 
and  operator  of  WHAM  and 
WHFM,  has  applied  to  FCC  for  a 
license  to  operate  a  commercial  tele¬ 
vision  station. 


Eitel-McCullough,  Inc.  has  re¬ 
duced  operating  time  to  two  eight- 
hour  shifts  and  personnel  two- 
thirds,  affecting  over  one  thousand 
workers,  pending  new  government 
contracts. 


•k  Reads  400  megohms  to 
100.000  megohms  in  two 
ranges. 

5^  Accuracy, 
it  Stable  Operation, 
it  Applies  90  oolts  to  speci¬ 
men. 

it  Operates  from  110  oolt  60 


Especially  suited  to  measurement  of  condenser 
dielectric,  and  other  resistance  values  which 
vary  with  time,  this  instrument  is  adaptable  to 
all  production  requirements  for  high  megohm 
testing. 


International  Resistance  Co. 
AND  Connector  Corf,  have  opened 
their  own  offices  at  165  Broadway, 
New  York  6,  N.  Y. 


Hoffman  Radio  Corporation,  suc¬ 
cessor  to  Mission  Bell  and  Mitchell- 
Hughes  radio  concerns,  has  initi¬ 
ated  a  poster  campaign  in  Cali¬ 
fornia,  Oregon,  Washington,  and 
Arizona. 


Graybar  Electric  Co.  reports  that 
all  former  officers  and  directors  of 
the  company  were  reelected  at  the 
annual  meeting  of  the  board  of  di¬ 
rectors. 


weret 


John  Meck  Industries  has  been 
issued  RCA  and  Hazeltine  licenses 
to  manufacture  radio  receivers. 


Solar  Manufacturing  Corp.  re¬ 
ports  a  net  profit  of  $368,000  in 
1943  after  providing  for  Federal 
taxes.  This  compares  with  a  net 
profit  of  $147,000,  after  tax  provi¬ 
sions,  for  1942. 


rotato 


Utah  Radio  Products  Co.  has  an¬ 
nounced  that  W.  A.  Ellmore,  vice- 
president  in  charge  of  engineering, 
has  assumed  the  additional  duties 
of  heading  the  sales  department 
Chester  L.  Walker,  former  chief 
engineer,  has  become  sales  manager 
in  charge  of  manufacturing  and 
equipment  division.  Marion  S.  Dan- 
isch,  chief  engineer  of  Ucoa  Radio 
Sociedad  Anonima,  South  Ameri¬ 
can  affiliate  of  the  company,  has  be- 
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AIRCRAFT  &  DIESEL 
EQUIPMENT  CORPORATION 


4401  North  Roveniwood  Avenue 
CHICAGO  40,  ILLINOIS 


Your  Partnen  in  Production 


come  chief  engineer  and  Gordon  S. 
Carbonneay,  production  engineer 
for  many  years,  has  assumed  new 
duties  as  engineer  in  charge  of  the 
quality  control  division. 


JONES 

BARRIER  STRIPS 

SOLVE  MOST  TERMINAL 
PROBLEMS 


Waterbury  Companies,  Inc.  is  the 
new  name  of  Waterbury  Button  Co. 
of  Waterbury,  Conn.,  maker  of  ra¬ 
dar  parts,  airplane  L.S.T.,  fuses, 
and  lenses. 


Sylvanu  Electric  Products  plant 
at  Brookville,  Pa.  will  be  expanded 
to  utilize  sealing  and  exhaust  equip¬ 
ment  in  a  new  section.  A  West 
Coast  headquarters  office  has  also 
been  opened  by  the  company  at  111 
Sutter  St.,  San  Francisco,  Cal. 


A  compact,  sturdy  terminal  strip  with 
Bakalita  Barriers  that  provide  maxi< 
mum  metal  to  metal  spacing  and  pre¬ 
vent  direct  shorts  from  frayed  wires 
at  terminals. 

4  SIZES 

cover  every  requirement.  From 
wide  and  13/32"  high  with  5-40  screws 
to  2^/i"  wide  and  l*/|"  high  with 
l/l"•28  scraws. 

Jones  Barrier  Strips  will  improve  as 
well  as  simplify  your  electrical  intra¬ 
connacting  problems.  Write  today 
for  catalog  and  prices. 


Cutler-Hammer,  Inc.  has  estab¬ 
lished  a  sales  office  in  Columbus, 
Ohio  in  the  Chamber  of  Commerce 
Bldg.,  SO  East  Broad  St.  Russell 
D.  Yoder  is  engineer  in  charge. 


Philoo  Radio  and  Television  Corp. 
has  bought  a  factory  from  General 
Aircraft,  Ltd.  as  a  potential  pro¬ 
duction  plant  .for  post-war  televi¬ 
sion. 


HOWARD  B.  JONES 

2440  West  Goerg*  Strwet 
CHICAGO  IB  ILLINOIS 


Personnel 

Dixie  B.  McKey  has  resigned  as 
general  communications  engineer 
of  the  Graybar  Electric  Co.  to 
become  technical  supervisor  of 
radio  for  the  Oklahoma  Publishing 
Co.,  owner  of  WKY,  KLZ  and 
KVOR. 


FLEXIBLE  SIAFn 

OKit  cuiiy  power  around 
any  oomor  to  our  wpm- 
dedty.  Faithful,  depend- 
(d>le  power  dilTee  or 
remote  control  in  air 
planee,  tonkn,  eignoi 
corps  rodio.  and  numy 
other  war  and  oommer- 
ckil  produeto.  Shafts 
made  to  your  specifica¬ 
tions.  Our  engineering 
department  will  work 
out  your  partlcnlar 
power  problem  without 
ohllgatloa. 


FOR  YOUR  POST-WAR 
PRiCISION  PARTS 


Edward  M.  Deloraine,  general 
director  of  the  laboratories  di¬ 
vision  of  Federal  Tel.  &  Radio 
Corp.  has  been  elected  a  director 
of  International  Tel.  &  Tel.  Corp. 


Adeco  offers  you  a  depend- 
aMe  source  of  supply  with 
the  know-how,  experience 
and  complete  facilities  for 
all  types  of  close-tolerance 
production.  It  will  pay  you 
to  include  Adeco  fabrica¬ 
tion  in  your  post-war 
plans. 


Lodwig  Amson,  who  sent  the 
first  GQD  from  an  American  ship 
in  1903,  has  received  the  Marconi 
Medal  of  Achievement  reflecting 
forty  years  of  undivided  service 
to  the  cause  of  radio  communica¬ 
tions  development. 


Frank  R  Benedict  has  been  ap¬ 
pointed  manager  of  product  per¬ 
formance  analysis  at  the  Westing- 
house  East  Pittsburgh  plant. 


Charles  S.  Powell,  engineer  with 
Graybar  Electric  Co.,  has  become 
vice-president  and  director  of  the 
company. 
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DESIGNING  ENGINEERS  AND  MANUFACTURERS  OF 
ELECTRONIC  INDUSTRIAL  &  COMMUNICATIONS  EQUIPMENT 

GENERAL  OFFICES:  215  Fulton  St.,  New  York  City  •  FACTORIES  at  Brooklyn,  N.  Y 
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Tells  its  own  story! 


PARTS 


TO  SPEED 
VICTORY! 


of  (Kis 
800 


U  &  ELECTRONICS  CO. 
212  FULTON  ST.  •  NEW  YORK  7 


Mrs.  Martha  Kinzie  has  betn 
elected  assistant  secretary  of  -the 
Radio  Technical  Planning  Board 


Purchasing  A  gents  I 
Engineers  I 

Yhk  MMMhw  kwlm  laid* 
Is  ]fwin  tiaply  Inr 
•a  eoMpasy  IsttartMsd 
statini  yMir  titl*.  Ad- 
drsts  Box  EY. 


OVIR  10,000  ITIMS 
—  IN  STOCKI 


FOR  PROMPT  SIRVICi 
T*l*phon«  BArdoy  7*1  MO 


and  will  be  responsible  for  pro¬ 
cessing  of  papers  in  connection 
with  the  work  of  the  board. 


J.  S.  Jammer  has  been  appointed 
general  commercial  director  of 
Federal- Tel.  &  Radio  Corp.  He  is 
an  assistant  vice-president  of  the 
company  and  an  assistant  vice- 
president  of  International  Stand¬ 
ard  Elec.  Corp. 


H.  W.  Whitmore  has  been  ap¬ 
pointed  chief  engineer  of  Kold- 
Hold  Mfg.  Co.  of  Lansing,  Mich, 
succeeding  R.  H.  Swart. 


Will  Baltin,  program  manager 
of  DuMont  television  station 
W2XWV,  has  resigned  that  post  to 
accept  new  duties  as  secretary- 
treasurer  of  Television  Broadcas¬ 
ters’  Ass’n,  Inc. 


BUTTON  TYPE.  FLAT  OR  STEPPED  TYPE 


SQUARE,  OBLONG  AND  ROUND 


CLOSEST  TOLERANCES 


Scott  W.  Smith,  physicist  with 
The  Kelley-Koett  Mfg.  Co.,  has 
been  appointed  a  member  of  an 
advisory  committee  conducting  re¬ 
search  in  tlie  field  of  fiuoroscopy 
for  the  National  Academy  of  Sci¬ 
ences  and  the  National  Research 
Council. 


EXCELLENT  FINISH 


MINIMUM  LAPPING 

GREAT  SAVINGS  IN  MAN  HOURS 
AND  COSTS 


PROMPT  DELIVERIES 

Send  for  full  information 


Arthur  J.  Wilson,  former  chief 
of  the  production  control  branch 
of  the  WPB  radio  and  radar  di¬ 
vision,  has  been  appointed  direc¬ 
tor  of  the  production  scheduling 
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Syivania  was  first  to  introduce  a  line  of  1.4- volt  tubes, 
which  made  the  camera-type  portable  radio  the  rage  of 
1938  and  later  contributed  to  our  military  radio  service. 

Prior  to  this  Syivania  development,  the  standard  filament 
voltage  for  battery  receivers  was  2.0.  This  meant  that  two 
dry  cells  had  to  be  connected  in  series  to  provide  3  volts. 
This  power  was  reduced  to  2.0  volts  by  means  of  a  resistor, 
which  dissipated  one-third  of  the  expensive  voltage. 

Syivania  1.4  volt  tubes  operated,  without  resistor,  on  a 


single  dry  cell.  Their  low  filament  drain  made  it  possible 
to  build  combination  receivers  that  took  their  power  from 
either  all  0-volt  power  line  or  a  single  dry  cell. 

This  development,  which  is  typical  of  Sylvania’s  leader¬ 
ship  in  engineering  of  economical  standardization,  went 
to  war  in  portable  radio  equipment  for  close-range  mili¬ 
tary  communication.  On  every  front  1.4- volt  tubes  re¬ 
duced  by  half,  the  battery  weight  that  our  boys  have  to 


Quality  that  Serves  the  War  Shall  Serve  the  Peace 


.1  ’-aK 


W  .il 

i  li  I 


lAIIO  DIVISION  \  EMPIIIIN.  PENNSVLVINU 


SYIVANIA 

ELECTRIC  PRODUCTS  INC. 


IDIII  TIDES,  CMIIDE  IDT  TIDES,  ELECTIINIC  DEVICES,  FLIIIESCEIT 
LIMPS,  FIXTIIES  IND  ICCESSIIIES,  INCINIESCENT  LIMPS 
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permanent  ma 


MAY  DO  IT  BETTER 


'QUMBLING  over  the  treacherous  roads 
in  Italy  and  lunging  ashore  on  Jap 
island -fortresses,  this  "rolling  radio 
station"  of  the  U.  S.  Signal  Corps  has 
won  high  praise  for  its  splendid  perform¬ 
ance  in  the  battle  of  communications. 

Built  by  the  Hallicredters  Co.,  and 
designated  "SCR-299",  it  edso  illustrates 
a  number  of  the  constantly  growing  uses 
for  which  permanent  magnets  are  em¬ 
ployed  today.  In  the  299*  s  loud  speak¬ 
ers,  headsets,  microphones,  telephones, 
instruments  and  magnetos,  permanent 
magnets  are  extremely  vital  parts. 

In  many  other  types  of  electrical  and 
electronic  equipment  for  land,  sea  emd 
air  warfare,  permanent  magnets  perform 
equally  important  functions.  And  be¬ 
cause  of  our  34  years  of  specialization 
in  this  field,  our  organization  has  played 
a  leading  role  in  designing  and  manu¬ 
facturing  permanent  magnets  for  nu¬ 
merous  applications. 

This  unusual  experience  should  prove 
valuable  to  you  in  solving  your  engi¬ 
neering  problems . . .  and  our  engineers 

e 

will  be  pleased  to  consult  with  you. 
Write  us,  on  your  letterhead,  for  the  ad¬ 


dress  of  our  office  nearest  you  arxi  a  copy 
of  .our  "Permanent  Magnet  Manual". 


The  "SCR-299'’  is  mounted  in  various  types  of  vehicles 
and  is  also  used,  dismounted,  as  a  fixed  radio  station. 


■]!VD1AI¥A  STEEl.  PRODUCTS 


6  NORTH  MICHIGAN  AVENUI  •  CHICAGO  2,  ILLINOIS 


*  Specialists  in  Permanent  Magnets  Since  1910  ^ 


COPYRIGHT  1944,  THE  INDIANA  STEEL  PRODUCTS  COMPANY 
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AUTO  ENGRAVER  CO. 

1776  BROADWAY,  NfW  YORK  15 


division,  replacing  Robert  M.  Hat¬ 
field  who  resigned  to  accept  a  com¬ 
mission  in  the  Navy. 


David  Nierenberg,  president  of 
Electronics  Heating  &  Brazing  Co. 
of  New  York,  died  recently  at  his 
home. 


A.  F.  Rucks  has  been  elected 
president  and  general  manager  of 
C.  J.  Tagliabue  Mfg.  Co. 


Glenn  Bannerman  has  been  re> 
appointed  president  and  general 
manager  of  the  Canadian  Associa¬ 
tion  of  Broadcasters. 


William  A.  Lewis,  director  of 
the  school  of  electrical  engineer¬ 
ing  at  Cornell  University,  has  been 
appointed  consulting  electrical  en¬ 
gineer  to  the  Armour  Research 
Foundation. 


Lewis  E.  Scott,  former  superin¬ 
tendent  of  the  resident  school  of 
American  Television  and  more  re¬ 
cently  industrial  engineer  with 
Consolidated  Aircraft  and  Doug¬ 
las  Aircraft,  has  joined  the  staff 
of  Hoffman  Radio  Corp.  of  Los 
Angeles,  Cal.,  as  method  engineer. 


Designed  for  testing  over-all 
performance  of  radio  systems 
and  networks,  this  self-con¬ 
tained  instnunent  generates  its 
own  frequency  with  remark¬ 
able  stability.  Can  be  synchro¬ 
nized  from  an  external  source. 

Other  units  in  the  new  Gen¬ 
eral  Electric  line  of  electronic 

MEASURING  EQUIPMENT  in¬ 
clude:  G-E  wave  meters,  capac- 
itometers,  i>ower  supplies, 
wide  band  oscilloscopes,  signal 
generators,  and  various  Other 
instruments  in  the  ultra-high 
frequency  and  micro-wave 
fields  for  measuring  electronic 
drcmts  and  checking  compo¬ 
nent  parts. 

•  For  complato  detnila,  p/aase 
mmit  coupon  bclotr.  Wo  invite 
your  inquiry  for  G-E  eiectronic 
meaaurin£  equipment  made  to 
meet  your  mpecifio  requirements. 


Ben  Kievit,  supervisor  of  Cus¬ 
tomer  Services  of  Sylvania  Elec¬ 
tric  Products,  Inc.  in  Emporium, 
Pa.,  has  been  moved  to  the  New 
York  office  as  field  engineer  for 
the  metropolitan  and  New  Eng¬ 
land  areas. 


DUPLICATING  and  PROFILING 


Accurafe  Engraving 
wifh  Unskilled  Operafors 

UnskilUd  oparatore  will  profila  or  aeairataly 
raproduca  in  smooth  linat  any  dasign,  nam- 
bar,  lattar,  amblam,  signatsca;  on  Iron,  bran, 
coppar,  aluminum,  soft  staals  and  all  plastics, 
Hara  ara  sonta  of  its  othar  usas  .  .  . 
a  Drills  a  serias  ef  holas,  or  profilas  small 
parts.. 

a  Cuts  an  aven  channal  for  wiring  on  panalv 

•  Incraasas  accuracy  and  production. 

•  Works  from  original  drawing  or  tamplatas. 

•  Etchas  glass  and  similar  itams. 

•  Will  not  causa  distortion. 

For  eomplata  information  on  this  and  othar 
modals  and  pricas  vrrita  Dapt.  K. 


tucrnoMics  # 

OfPAKTMENT 
Oaaarol  Elactric  Co. 

Scboaoctody,  N.  Y. 

Please  send,  without  obliiration  to 
me,  the  General  Electric  Measuring 
Instrument  Catalog.  E-5  (loose-leaf), 
for  my  informution  and  flies. 

Name _ 

Company _ 

Address _ _ _ 


The  Gray  Manufacturing  Co. 

Hartford,  Conn. 

E.  F.  Johnson  Company, 
Waseca,  Minn. 


GENERAL^  ELECTRIC 

l•4•C2 

Cleetroele  Measuring  Instruments 
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Keep  in  constant  contact  with 

KAAR  RADIOTELEPHONES 


KAAR  PTS-22X  TRANSMITTER 

22  WATTS-30-40  MC 

The  Kaar  PTS-22X  transmitter  provides  relia¬ 
ble  and  efficient  high-frequency  communication 
from  military,  civil  and  commercial  mobile 
units.  It  has  a  rated  output  of  22  watts. 

The  standby  current  is  zero,  as  instant  heat¬ 
ing  tubes  are  used,  lowering  the  demands  on 
the  battery  of  the  vehicle.  Transmission  is  com¬ 
pletely  controlled  bya''push-to-talk”button  on 
the  microphone.  This  button  lights  the  tubes, 
starts  the  dynamotor  power  supply,  silences 
the  receiver,  and  switches  the  antenna  to  the 
transmitter— all  in  a  fraction  of  a  second! 


KAAR  PRS-9X  RECEIVER 

10  TUBES-30.40  MC 

A  remote  control  box,  mounted  on  the  dash 
of  the  vehicle,  controls  the  receiver  located  in 
the  trunk  compartment.  The  box  contains  a 
combined  on— off  switch  and  volume  control,  a 
red  jewel  light  to  indicate  when  the  receiver  is 
on,  and  an  off  switch  for  the  no-signal  squelch 
circuit. 

The  no-signal  squelch  circuit  automatically 
silences  the  receiver  except  when  calls  are  actu- 
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ally  being  received.  In  addition,  an  automatic 
noise  silencer  circuit  makes  difficult  reception 
understandable  by  reducing  electrical  and 
ignition  interference. 

•■c'r  swift  checking  and  servicing,  both  the 
transmitter  and  receiver  may  be  removed  from 
the  vehicle  by  releasing  four  luggage-type 
catches.  The  dust  covers  are  likewise  removed 
by  releasing  two  catches. 

For  tramsmiisioH  in  the  1600-2900  KC  range  inquire 
about  Kaar  PTL-22X  transmitter  and  I  iX  receiver. 
Other  ranges  available  on  special  order. 


KAAR 

ENGINEERING  CO. 

PALO  ALTO,  CALIFORNIA 
Export  Agents:  FRAZAR  &  HANSEN 

301  CLAY  ST.,  SAN  FRANCISCO  11.  CALIF.,  U.  S.  A. 


PLASTIC  PARTS 


large  or  small  quantities.  Produced  to  your  specif) 
cations.  Precision  machining,  stamping  and  forming 
all  plastics.  No  molds  required.  Send  your  blueprint, 
or  write  for  bulletin. 


I'l'.INTLIIIIU^e 


Magnetic  Tape 
Recorders 


ANOTHER 
SPECIAL  BY 
PROGRESSIVE 


(Continued  from  page  135) 

Figure  3  also  shows  the  imped¬ 
ance  of  the  recording  heads  as  a 
function  of  frequency.  The  input 
into  the  recording  head  generally 
follows  the  shape  of  the  impedance 
curve.  The  effect  of  input  levels  on 
distortion  at  the  low-frequency  end 
seemed  too  critical  to  follow  a  gen¬ 
erally  rising  input  characteristic; 
but  higher  undistorted  output  can 
be  realized  at  the  higher  frequencies 
with  increased  input. 


Reproducing  with  two  heads  in¬ 
creased  distortion  without  any  ma¬ 
terial  contribution  to  the  output 
level.  Obliterating  voltage  had  no 
effect  on  performance  when  varied 
between  relatively  wide  limits,  but 
it  was  usually  necessary  to  obliter¬ 
ate  two  times  to  remove  all  traces 
of  previous  records. 

The  parameters  in  order  of  their 
effectiveness  were  thus  found  to  be 
recording  input  level,  displacement 
of  recording  heads,  polarizing  volt¬ 
age,  and  obliterating  voltage.  The 
largest  single  contributing  factor 
to  distortion  was  the  recording  in¬ 
put  voltage  at  the  lower  half  of  the 
frequency  spectrum,  the  input  level 
getting  more  critical  as  the  fre¬ 
quency  was  lowered. 

Considerable  time  was  saved  by 
the  adopted  parameter-elimination 
procedure,  exploring  individual 


Ask  for  design  he^.  « 

Itea  illn^ated  is  a 

iROCRESSIVi  IffC  CO 

TORRIN&ittN.^  so  NORWOOD  ST.  CONNECTICUT 


velocities;  however,  agreement  of 
output  response  with  deductions 
and  curves  found  in  literature 
shows  *that  the  charaqjteristics  ar¬ 
rived  at  above  are  typical  of  mag¬ 
netic  recorders  in  general. 
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Many  men  ore  solving  tho  probloms  of 
war  as  they  would  ordinary  business  difftculties. 
Having  solved  them,  they  ignore  the  most 

important  phase.  Their  attitude  toward  the 
war’s  meaning  and  its  effect  on  national 
destiny  is  apathetic  and  disinterested. 


UStNQ  ViTAL  tSSUaS  TO 
PnSONAL  AOTAHTAOa 


To  further  their  own  selfish  aims,  many  men 
seize  upon  vital  issues  to  confuse  and  confound  the 
average  citizen.  When  the  times  call 
for  statesmanship,  America  is  treated  to  a  sorry 
spectacle  of  demagoguery,  greed,  blocs, 
distortion,  shrewd  manipuh^ion  of  emotions. 


POLUNO  IH  OIPPnONT  VmCTiOMS 


While  commands  in  various  war  theatres  are 
being  consolidated  and  strengthened,  here  at  home 
there  are  men  who  have  forgotten  the  unity  after 
Pearl  Harbor.  Each  is  off  on  his  own  particular 
project,  seldom  remembering  that  thousands 
of  other  men  will  die  before  the  conflict  is  over. 


We  ef  ICA  ere  weriiisf  aet  eely  te  preAice  tke  MoterieU  ef  wer  kef,  like  ell  feed  clfitee*. 
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new.  Men  ef  evil  lefeef  keve  eeeie  eet  ef  URIof.  le  eMeke*ftlleR  reeMt  effreefive  keryeles  ere 
kelof  erreegeR  —  wHk  tke  **liffle  peeple"  lecleReR  eet.  leerfy  wkkk  ekeeld  ke  «leveteR  te  tke 
•ep^ert  ef  tke  CeeMeeeRer-le«Cklef,  eeR  tkeee  aetfer  klai.  b  keiet  f*  "R  Rbtrast  eaR 
RIneeelee.  Wket  f*  be  everleekeR  h  tket  tke  attheete  eke  ef  vktery  is  a  Receat  werM 

. . .  wkere  Men  ef  feed  will  Ihre  aeR  werk  tef etker  wHk  e  fall  aeRareteaRiae  ef  eeck  etker's  aeesis 
aad  kepes  eaR  aspiratieas.  We  keve  elreeRy  leareeR,  tke  kerR  way.  wket  iseletiealsM  aesi  sek 
fttkaess  aaR  RIsaalty  caa  Meaa.  Mast  kistery  ayala  repeat  ItseWT 


avail- 
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NEW  PRODUCTS 

Month  after  month,  manufacturers  de¬ 
velop  new  materials,  new  components, 
new  measuring  equipment;  issue  new 
technical  bulletins,  new  catalogs 


Flux  Meter 

An  electronic  fermeability  com¬ 
parator  for  permanent  magnet  test¬ 
ing  has  been  developed  as  an  aid  in 
production  of  radio  and  radar  in¬ 
struments  and  may  be  used  for 
checking  and  comparing  the  mag¬ 
netic  flux  of  any  shape  or  type  of 
permanent  magnet. 

Designed  primarily  for  checking 
the  saturation  of  special  Alnico 


meter  magnets,  this  new  device  can 
be  used  for  comparing  various  types 
of  magnet  steel.  Different  sizes  and 
shapes  of  search  coils  may  be  used 
and  may  be  made  small  enough  to 
insert  in  the  air  gap  of  assembled 
meters. 

The  fluxmeter  has  no  moving 
parts  besides  the  indicating  meter, 
and  it  employs  a  special  vacuum- 
tube  circuit  operating  from  a.c,  cir¬ 
cuits. 

J.  Thomas  Rhamstine,  300  Beau- 
bien  St.,  Detroit  26,  Mich. 

Covers  for  Magnets 

Two  DIFFERENT  TYPES  of  covers  are 
available  to  prevent  contact  of  steel 
tools  or  other  ferro-magnetic  pieces 
with  magnets.  These  covers  are  de¬ 
signed  for  greater  economy,  effi¬ 
ciency  and  saving  in  time. 

The  first  of  these  covers  gives 
full  protection  up  to  temperatures 
of  about  350  deg.  F.  The  cover  is 
formed  by  molding  around  the  mag¬ 


net,  by  hand,  a  dry  flexible  plastic 
material  saturated  with  a  special 
solvent.  Soaking  in  this  solvent 
gives  it  flexibility  which  enables  the 
operator  to  cover  all  parts  no  mat¬ 
ter  what  shape  or  size  or  curvature 
of  contours.  When  the  magnet  is 
suitably  covered  (in  about  two  to 
four  minutes)  it  is  then  placed  in 
an  infrared  or  drying  oven  for  a 
few  hours.  The  tacky  covering  be¬ 
comes  dry  and  flrmly  bonded  to  the 
magnet,  forming  a  hard  protective 
surface  of  sufficient  thickness  to 
prevent  loss  of  energy  content  of 
the  magnet. 

The  second  of  these  covers  with¬ 
stands  temperatures  above  700  deg 
F.  It  is  made  with  a  fabric  which 
is  soaked  with  a  special  inorganic 
solution  to  make  it  pliable  enough 
to  be  molded  readily  around  the 
magnet.  When  the  cover  is  smoothed 
into  shape  it  is  given  a  second  coat¬ 
ing  of  this  solution,  with  a  brush. 
The  cover  is  then  baked  in  an 
infrared  ray  oven. 

Cinaudagraph  Corp.,  Stamford, 
Conn. 

Telephone-Type  Relay 

Illustrated  is  Model  TKL,  the 
latest  addition  to  the  manufac¬ 
turer’s  line  of  telephone-type  re¬ 
lays,  developed  for  high  frequency 
use.  The  relay  utilizes  Mycalex  in¬ 
sulation  but  can  be  supplied  with 
approved  bakelite  insulation  for 


standard  switching  service.  The 
coil  of  the  relay  is  sealed  with  cel- 
lulose  acetate  for  resistance  to 
humidity.  The  relay  meets  all 
standard  salt  spray  specifications 
and  will  withstand  shock  and  vibra¬ 
tion  to  10  G.  The  contacts  are  nor¬ 
mally  made  with  palladium  for 
maximum  sensitivity,  but  they  are 
also  available,  on  request,  in  silver 
or  special  alloy.  Double  pile-ups  or 
contacts  are  available  from  a  single 
“A”  (SPSTNO),  “B”  (SPSTNC) 
or  “C”  (SPDT)  arrangement  to  a 
maximum  of  four  “C”  combina¬ 
tions.  The  unit,  less  contact  pile- 
ups,  weighs  li  ounces  and  meas¬ 
ures  lAxiixl^  inches.  Tapped 
studs  (brazed  to  the  frame)  facili¬ 
tate  easy  mounting  and  prevent 
short  circuiting  of  the  coil. 

Allied  Control  Co.,  Inc.,  2  East 
End  Ave.,  New  York  21,  N.  Y. 

Control  Instruments 

These  instruments,  designated  as 
“Chronotrols,”  are  designed  to  en¬ 
force  any  desired  heating  or  cool¬ 
ing  program.  They  provide  com¬ 
pletely  automatic  temperature  reg¬ 
ulation  regardless  of  the  changes 
in  temperature  desired  for  a  given 
process  or  application.  The  tem¬ 
perature  cycle  desired  is  cut  out  on 
a  disc,  and  its  rotation  by  a  syn¬ 
chronous  motor  moves  the  temper¬ 
ature  setting-lever  of  the  control 
instrument.  High-speed  response 
of  the  control  unit  to  changes  in 
temperature  is  achieved  by  the  lack 
of  mechanical  linkage  between  the 
measuring  and  the  control  sections. 
The  frequency  of  oscillating  cur¬ 
rent  flowing  between  pick-up  coils 
(mounted  on  the  temperature  con¬ 
trol  setting  index)  is  changed  when 
a  control  flag  (mounted  on  the 
pointer  or  pen  arm)  is  moved  be¬ 
tween  the  coils  by  a  temperature 
rise,  or  is  moved  from  between  the 
coils  by  a  temperature  drop.  This 
frequency  change  in  the  control  cir¬ 
cuit  governs  the  output  current  of 
a  vacuum  tube,  acting  to  open  relay 
contacts  which,  in  turn,  operate 
fuel  valves  or  switches. 

Twenty-five  models  are  avail¬ 
able.  Ten  of  these  are  for  propor¬ 
tioning  control,  and  the  others  are 
for  use  in  two-position  on-off,  and 
three-position  on-intermediate-off 
control  for  high  and  low  temper¬ 
ature  applications.  Thermometer 


304 


May  1944  — ELECTRONICS 


Specialists 

...  in  Assembly  and  sub-assembly 
of  Precision  Electronic  Products 

•  Complete  Facilities  for  Production 
and  Testing  of  Audio  Equipment 

•  Consult  us  with  your  Production 
Assembling  Problems 

RADELL 

CORPORATION 


«323-27  GUIIFORD  AVENUE,  INDtANAPOllS  5,  INDIANA 


Skill 

'y’HE  superior  skill  of  American 
pilots  wins  air  battles  on  every 
fighting  front.  In  the  same  sense, 
it’s  the  superior  skill  and  long  ex¬ 
perience  of  Sinko  Plastic  Engineers 
which  are  responsible  for  the  ex¬ 
traordinary-  success  of  so  many 
intricate  Sinko  Injection  Moldings. 

Sinko  has  been  making  better 
tools  and  dies  for  25  years  .  .  . 
and  better  injection  moldings  ever 
since  thermoplastics  were  intro¬ 
duced.  Small  wonder  we’ve  de¬ 
veloped  superior  methods  and 
techniques,  an  unsurpassed  knowl¬ 
edge  of  simple  and  intricate  steel 
reinforced  injection  molding.  Many 
peacetime  products  we’ve  made 
have  helped  capture  coveted  mar¬ 
kets.  For  your  own  best  interests, 
discuss  your  post-war  plans  and 
products  with  a  Sinko  engineer, 
NOW. 


SINKO  TOOL  &  MANUFACTURING  COMPANY,  351  NO.  CRAWFORD  AVENUE,  CHICAGO,  ILLINOIS 


models  are  available  in  recording  ^ 
well  as  indicating  types. 

Wheelco  Instruments  Co.,  Harrj. 
son  &  Peoria  Sts.,  Chicago  7,  I]]. 

Midget  Amperite  Regulator 

A  COMPACT  AUTOMATIC  regulator, 
designated  as  T-6  Tube,  is  useful 
where  space  is  at  a  premium.  It  jg 
obtainable  in  voltage  ranges  of  1  to 
10  volts,  and  current  carrying  ca¬ 
pacities  of  0.15  to  1.0  amp.  The 
voltage  across  the  regulator  will  in- 
crease  approximately  250  percent 
with  a  10  percent  change  in  cur¬ 
rent.  This  regulation  is  obtained 
by  the  use  of  an  iron  filament  her¬ 
metically  sealed  in  a  hydrogen  at¬ 
mosphere.  A  standard  two-contact 
auto  base  is  used. 

Amperite  Company,  561  Broad¬ 
way,  New  York  12,  N.  Y. 


High  Frequency  Motor 
Generator 

A  NEW  LINE  OF  HIGH  frequency  mo¬ 
tor  generators  includes  a  unit  (il¬ 
lustrated)  which  weighs  110  lbs 
and  measures  approximately  161  z 
8J  X 131  inches.  Frequencies  which 
the  unit  provides,  are  either  400  or 
800  cps.  The  motor  winding  may  be 
tapped  to  deliver  60  or  120  cps  at 
either  1800  or  3600  rpm.  Voltages 


available  are  from  60  on  the  tapped 
.winding  to  250  on  the  800  cps  wind¬ 
ing.  Capacities  up  to  1000  watts 
may  be  furnished.  The  motor  can 
be  wound  for  d-c  voltages  rated  at 
110  or  220  volts,  or  it  can  be  fur¬ 
nished  for  three-phase  use  at 
slightly  lower  capacities.  Voltage 
regulation  is  rated  approximately 
6  percent  at  120  cps,  and  24  per¬ 
cent  at  720  cps.  Frequency  regula¬ 
tion  is  1.6  percent  at  1000  volt- 
amps. 

Another  unit  has  a  capacity  of 
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Give  your  product 

PERMANENT  IDEAL 
WORKING  CONDITIONS  WITH 

Fedelco-Seal 


Fedelco-seal  makes  good  products  belter  products. 

By  incorporating  the  element  in  which  a  device 
operates  at  peak  efficiency  as  an  integral  part  of  the 
unit,  Fedelco-Seal  insures  a  permanently  ideal  sphere 
of  operation. 

Illustrated  here  is  a  transformer  sealed  in  an  air-tight 
case  by  the  Fedelco-Seal  method.  It  is  an  example  of 
the  way  Fedelco-Seal  can  bring  to  the  products  of  all 
industry  an  entirely  new  conception  of  performance. 

.\brasive  dust,  corrosive  fumes  or  explosive  gases  have 
no  effect  on  devices  when  sealed  by  Fedelco-Seal.  Ordi¬ 
nary  air,  containing  moisture,  can  be  sealed  out  and  any 
pre-determined  operating  condition — dry  air  or  gases, 
such  as  oxygen,  helium  or  nitrogen,  under  any  reason¬ 
ably  desired  pressure — can  be  permanently  sealed  in. 

Let  Federal  Electric  engineers  show  you  how  your  pro<l- 
uct  may  be  enhanced  in  value  by  surrounding  its  oper¬ 
ating  parts  with  working  conditions  most  ideally  suited 
to  it.  Fedelco-Seal  may  be  the  something  new  for  which 
you  have  been  looking.  ^ 

Send  us  details  of  your  problem  and  a  sample  of  your 
|>roduct.  Our  engineers  will  be  glad  to  show  you  what 
Fcdelco-Seal  can  do  for  you.  Call  or  write  today. 


HOW  PRE-DETERMINED  OPERATING 
CONDITIONS  ARE  SEALED  INTO 
A  DEVICE  BY  FEDELCO-SEAL 

EXAMPLE:  CLARE  TYPE  “ff"  RELAY 


StMl  bat*  it  tlompcd.  It  is 
shown  h*r*  raody  for  mounting 
of  raloy  assembly. 


Glott  button  with  fus*d-in  load 
wires  is  sealed  to  a  metal  ring. 
This  ring  is  then  brazed  to  a 
metal  skirt  and  Anally  to  the 
steel  base. 


Relay  is  mounted  and  lend  wires 
are  soldered  to  the  contact  and 
coil. 


Steel  endoture  it  placed  over 
the  relay  assembly  end  brazed 
to  the  base,  making  on  air-tight 
assembly. 


Vessel  it  evocuated.  Any  pre¬ 
determined  working  conditions 
. . .  dry  air,  inert  gat ...  at  any 
reasonable  pressure  ...  it  then 
introduced  into  the  chamber. 
Glass  tub*  it  then  sealed  off  as 
shown. 


Octal  bate  it  placed  over 
header  skirt  and  wires  are  sol¬ 
dered  to  base  pins.  The  relay 
within  the  housing  is  now  ready 
for  use  under  any  pre-deter¬ 
mined  conditions  without  regard 
to  atmosphere,  pressure,  or  tem¬ 
perature. 


Federal  Electric  Company,  Inc.s 

8700  SOUTH  STATE  STREET.  CHICAGO  19,  ILL-INOIS  \ 
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DEPENDABLE 
as  tbB  PLANETS 


yo»o« 


•IS? 


WS  regular,  as  predie 
X*  ctM  the  movementi 
ol  planets  .  .  .  such  ore 
Hoydon  Tuning  Motors 
and  Devices.  Equipped 
with  spedol  motors  to 
fit  your  particular  re¬ 
quirements  and  geared 
up  or  down  to  any 
speed  from  450  RPM  or 
faster,  to  one  revolution 
a  month. 


Let  our  Engineering 
Service  help  you  with 
your  timing  problem! 

Send  for  illustrated  cat¬ 
alog! 


Hoydon  motors  can 
have  brakes  for  instant 
stop  .  .  .  ore  reversible 
and  possess  shift  de- 
vioee  for  any  automatic 
reset 


Complete  inionaation  on 
Timing  Motors  by  the 
originators  o  f  Timing 
Motors  is  recorded  in 
this  new  Hoydon  A 
ootalog. 


WRITE 
FOR  TOUR 
COPY 
TODAY 


250  volt-amps  at  400  cps,  single 
phase  at  2000  rpni.  This  unit  is  also 
supplied  for  three  phase  (belt- 
driven). 

The  manufacturer,  Kato  Engi¬ 
neering  Co.,  (Mankato,  Minn.),  will 
build  these  high  frequency  motor 
generators  to  specification. 


ROWER  FACTOR  0.0033 
DIELECTRIC  CONSTANT  3.57 


A  CONTINENTAL-DIAMOND 
ENGINEERED  U-H-F 
INSULATING  PLASTIC 


T  ransf  or  mers 

Illustrated  is  Type  No.  CS-8751 
transformer  which  is  enclosed  in  a 
case  designed  to  eliminate  any 
strain  on  the  solder  seal.  The  case 
is  steel,  and  is  rustproof.  These 
transformers  have  passed  the  Sig¬ 
nal  Corps  5-cycle  immersion  test. 
Terminals  of  the  transformers  are 
available  in  molded  bakelite  or  of 
glass  and  are  solder-sealed  to  the 
case.  The  mounting  bolts  are  welded 


STABLE  UNDER 

^  Mgh  Humidity 
^  Tumpuraturu  Extrmmms 
^  MuchanietJ  Slr«ts 
^  Chumkcd  OuuBthm 


READILY  MACHINED 

For  coapliti  tickiieal 
data,  Slid  for  Bollitii  DN 


WIDE  RANGE 
VACEEIII  TEBE 
VOLTMETERS 


gas  tight.  The  transformers  are 
potted  with  a  rubber  seal  compound. 
The  manufacturer  states  this  new 
type  case  will  eliminate  the  mechan¬ 
ical  cause  of  transformer  failure 
due  to  shock  from  temperature  or 
humidity  changes,  and  vibration. 

Thermador  Electrical  Mfg.  Co., 
5119  S.  Riverside  Drive,  Los  An¬ 
geles,  Cal. 


•  Hifh  input  impedance  for  bodi  AC  and 
DC  measurements. 

•  Conyenient,  low  capacitr  "Probe/*  ct- 
pedally  adapted  to  bish  frequener  radio 
use  100  BMsacjrdes  acid  oeer. 

•  Self-regulating  operation  from  power 
line;  no  battmes. 

•  Multiple  roluge  ranges  —  accurate  sod 
stable. 

BULLETIN  ON  REQUEST 

ALFRED  W.  BARBER 
LABORATORIES 
344H  FraaeU  Lewis  Ilvd.  Piasbigg,  N.  Y. 


ULTRAVIOLET  LIGHT  ha*  been 
used  in  skin  grafting  to  deter¬ 
mine  when  blood  circulation  has 
been  established  in  a  piece  of  skin 
being  transferred.  Sodium  fluores¬ 
cein  is  injected  into  a  vein  and 
causes  the  skin  to  become  yellow- 
green  under  ultraviolet  light  if  the 
blood  is  circulating  properly. 
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SPENCER  THERMOSTAT  COMPANY,  ATTLEBORO,  MASS. 


Typ«  ER  Serie$. 
Ambient  Compenaated  Time 
Delayed  Relay 


Type  C-2851  ThermoaUU.  For 
Much  uae  aa  Roughing  Controla 
on  Outer  Cryatrd  Ovena 


Klixon  Snap-Acting  G>ntrol8  are 
small,  compact,  light  in  weight  and 
ace  unaffected  by  altitude,  motion, 
shock  or  vibration.  They  are  avail¬ 
able  in  many  standard  types  to  meet 
most  control  requirements.  Write  for 
complete  information.  * 


KLIXON 

Dist-Operated  Controls 

matter  what  the  control  problem  .  .  .  motmr  and 
transformer  overheat  protection,  electrical  circuit  over¬ 
load  protection,  thermal  time  delays  or  temperature 
control  for  radio  equipment . . .  you  get  an  extraclement 
of  safety  when  you  use  Klixon  snap-acting  controls. 
The  reason  lies  in  the  actuating  element  .  .  .  the  scien¬ 
tifically  calibrated  Spencer  thermostatic  disc.  This  disc 
does  away  with  complicated  relays,  toggles,  magnets 
and  other  fussy  parts.  It  ^'snaps'*  to  a  solid  make  or  a 
quick,  clean  break.  And  because  it  has  no  complicated 

1^^^ _  moving  parts,  it  keeps  on  providing 

I  protection  for  years  on  end. 
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Also  Dials.  Crystals,  Computers  and  other  items  to  specifications' 


I’EIWVANEP^T  VlAliNETS 


AKNOIJ)  KMilNKKKIM;  (VlMI’ANV 


147  EAST  ONTARIO  STREET,  CHICAGO  II.ILIINOIS 


Relay  Set 

Although  this  relay  set  (desig. 
nated  as  SS-6)  has  been  developed 
primarily  for  use  with  the  manu. 
facturer’s  “Red-Top”  thermo-reg- 
ulator,  it  may  also  be  used  in  con¬ 
junction  with  galvanometers,  con¬ 
tact-equipped  meters,  gages,  or 
other  relay-operating  instruments 
that  require  low-gram  contact  pres¬ 
sure.  The  relay  set  consists  of  a 
sensitive  iron-core-magnet  type 
relay  which  can  be  operated  on  110 
volts,  2  amps,  and  a  solenoid  type 
mercury  plunger  relay  (the  tube  of 


Printtd  •  Scresned  •  Engrovod 
Loimiiatad  •  Plain  and  lluoresctiit 

Send  for  our  booklet  t 

showing  many  ocher  appli- 
cations  precision  made  in 
plastics  by  FelsenchaL  ^ 


which  will  handle  a  load  up  to  30 
amps  at  110  volts  a.c.,  or  20  amps  at 
220  volts.)  These  two  relays  are 
mounted  side  by  side  on  a  hinge- 
covered  housing  which  measures 
5|x5ix3i  inches.  A  convenient 
terminal  block  is  furnished  below 
the  two  relays  with  marked  termin¬ 
als  for  line  connection.  A  4-foot  ar¬ 
mored  cable,  equipped  with  a  plug, 
is  attached  to  the  side  of  the  hous¬ 
ing  and  is  all  ready  for  connection 
to  the  instrument. 

The  list  price  of  the  unit  is 
$20.00  f.o.b  Philadelphia. 

H-B  Instrument  Co.,  2604  N. 
Broad  Street,  Philadelphia  32,  Pa. 


The  Arnold  Engineering  Company  is 
thoroughly  experienced  in  the  production 
of  all  AINICO  types  of  permanent  magnets 
including  ALNICO  V.  All  magnets  are  com¬ 
pletely  manufactured  in  our  own  plant 
under  close  metallurgical,  mechanical  and 
magnetic  control. 


Volt  Ohmeger 
Insulation  Tester 

Insulation  testing  at  500  volts  up 
to  10,000  megohms  is  provided  with 
Model  665  electronic  multitester, 
which  also  serves  as  a  capacity  me¬ 
ter  and  which  will  measure  from 
2.5  micro  microfarads  up  to  2,000 
microfarads.  The  unit  uses  a  VR 
105-30  voltage  regulator  tube  to  in¬ 
sure  freedom  from  error  dufe  to  line 
voltage  fluctuations.  There  are 
thirteen  a-c  and  d-c  voltage  scales 
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This  I'F  and  AUDIO  amplifying  unit  has  ics  engineering  exclusively.  The  electronics 
proved  itself  on  many  applications  of  vital  knowledge,  precision  manufacturing  and  test- 
importance.  It  is  now  available  with  electri-  ing  resources  responsible  for  equipment  such 
cal  characteristics  to  suit  your  requirements,  as  this  may  prove  of  great  practical  value 
^  The  Harvey  Ampli-Strip  is  representative  to  you  now  pr  in  the  critical  re -conversion 
of  Harvey  design  and  production  facilities  period  ahead. 

that  have  been  painstakingly  built  up  over  Your  inquiries  will  be  given  prompt  and 
years  of  specialization  in  radio  and  electron-  careful  attention. 


HARVEY 


HARVEY  RADIO  LABORATORIES,  INC 

439  CONCORD  AVENUE  •  CAMBRIDGE,  MASS 


106  PA  REGULATED  POWER  SUPPLY 

for  Laboratory  0.  C  Sourco  —  Rang#  200  to  300  Volta 


Compact  •  Dependable 
Easy  to  Operate 
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RCA 

leads  Hi*  way  in 
radio — talavision  — 
tiactrenics 


tune  IN!  .  .  .  RCA’s  great  new  show,  7;30-8:00  P.M.  EWT,  over  Ihe  Blue  Network,  every  Saturday  ★  BUY  WAR  BONDS  IVIRY  PAY  DAY  'k 
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RADIO  CORPORATION  OF  AMERICA 

RCA  LABORATORIES  •  PRINCETON  •  NEW  JERSEY 


OHS  for  Tomorrovi^  World 


ED  BY 


•  IT  DOESN’T  MATTER  NOV  whether  clouds  hide 
the  sun,  or  whether  evening  shadows  fall  on  the 
baseball  diamond.  If  the  fans  in  the  grandstand  see 
the  game  so  can  the  modern  television  camera. 

That  was  not  always  so;  the  pre-war  television 
"eye”  needed  as  much  sunshine  as  it  could  get  to 
illuminate  the  scene.  The  same  was  true  of  football- 
final  quarters  were  occasionally  "washed  out”  on 
the  television  screen. 

But  thanks  to  research,  conducted  at  the  RCA  Lab¬ 
oratories,  a  new  super-sensitive  television  camera, 
rivaling  the  human  eye  in  its  ability  to  see  under 


conditions  of  poor  light  is  in  prospect  for  the  post¬ 
war  world.  Then,  by  television  you  will  see  every 
last-minute  play  of  the  ball  game  as  clearly  as  if  you 
were  in  the  stands.  Entertainment,  sports,  news 
events  will  pass  before  your  eyes  with  every  detail, 
every  shadow  faithfully  reproduced. 

Today,  RCA’s  research  facilities  are  devoted  to 
providing  the  fighting  forces  of  the  United  Nations 
with  the  best  radio  and  electronic  equipment  avail¬ 
able.  Tomorrow,  these  same  skills  will  continue  to 
serve  America  in  developing  and  creating  new 
and  finer  peacetime  products. 


A  1  Ib.  BILLET  OF  ALLOY 

mcJze4. 

106  MILES  0/ 

JELLIFF  ALLOY  "C”  WIRE 

(.0008)  f'l  X  ■ 

/  '■ 


enttAjeui 

i*t  tUe 

JELLIFF 

MILL 


THE  C.  0.  JELLIFF  MFG.  CORP. 

SOUTHPORT- CONN. 

SPECIALISTS  IN 

FINE  WIRES 


110.YOLTSA.C. 
from  DIRECT  CURRENT 

with  KATOLI6HT  ROTARY  KONVERTERS  for 
operating  radio  and  alactronic  aquipmant 
moving  pictura  pro|actor«,  sound  apparatus' 
A.C.  appiiancas,  ate 


V 


(with  29  ranges)  which  measure 
from  a  fraction  of  a  volt  to  6,000 
volts  at  high  sensitivity.  The  tester 
is  direct  reading  and  comes  ready 
tQ  operate.  It  is  supplied  with  high 
voltage  test  leads,  r-f  lead,  and 
signal  tracing  probe.  The  tester 
operates  as  a  vacuum-tube  volt¬ 
meter  on  all  ranges  with  an  input 
resistance  rated  16  megohm  maxi¬ 
mum.  The  V-T  ohmmeter  has  7 
ranges  to  1,000  megohms.  The  scale 
of  the  instrument  is  an  8  inch 
D’Arsonval  microammeter  with  an 
accuracy  of  2  percent.  The  move¬ 
ment  is  linear.  The  meter  cannot 
be  damaged  by  checking  a  live  re¬ 
sistor  or  by  using  too  low  a  range 
for  making  a  measurement. 

Catalog  No.  128  describing  this 
instrument  is  available  from  the 
manufacturer.  Radio  City  Products 
Co.,  Inc.,  127  West  26th  St.,  New 
York  1,  N.  Y. 


Pilot  Light  Assembly 

“COMPACTO”  PILOT  LIGHT  assembly 
is  designed  to  adapt  a  large  jewel 
holder  to  a  panel  where  mounting 
space  behind  the  panel  is  limited; 
and  to  provide  a  large  surface  light 
on  a  low  voltage  panel.  The  assem¬ 
bly  is  made  of  brass,  or  aluminum, 
with  a  socket  house  made  of  Navy 
specification  Bakelite,  which  is 
sealed  with  Bakelite  varnish.  A 
screw-in  type  jewel  holder  facili¬ 
tates  bulb  replacement.  Seven  fin¬ 
ishes  are  available.  The  lenses  are 
available  as  smooth  (clear  color)  or 
diamond-faced,  and  sand-blasted  all 
over  or  op  the  back.  Lens  colors 


22s  WAH 
CONVERTER  " 

AvqlfobU  In  tliM  110  ffcrougli  ISOO  watti, 
IMO  and  3400  r.p.m.  ball  baaring  datlgni. 
Furnlth  standard  1 10-volt  M  cycia  A.C.  from 
32,  110  or  220-volH  diract  currant.  Quiat  In 
oMratlon.  Can  ba  fumistiad  with  spaclal 
flltarlag  aquipmant  for  laniltiva  radio  work. 
nONmS  IN  YHI  tUILDINO  OR 
SMAU  ROTARY  CONVIRTIRS 
At  proMut  Kato't  antira  production  mutt  ba 
diraclad  to  furnishing  convartan  on  high 
prlorHy  ordart.  WIra  us  If  you  naad  this 
kind  of  aquipmant  for  ordart. 

A/to  mOnufocfurari  of  A.C.  md  O.C.  oonaro- 
fort  ranging  from  3SO  wafft  tkrongk  a  K.W.; 
powar  plontt;  fraquanev  choaoart;  kigk  fro- 
guancy  gonorafort;  and  Motor  Oanarafor  Soft. 

KATO  ENGINEERING  CO. 

M  ILM  ST.  MANRATO,  MINN. 


THIS  PHOTO  TRANSMITTED  &  RECEIVED  BY 

^ncil  facsimile 

Delivers  pictures  and  text 
by  radio  or  wire  J-  ^ 


Finch  Telecommunications.  Inc.,  Passaic,  N  J 


^  AS  NATIONAtLY  AOVIRTISID  ^ 

^  For  the  present,  Finch  manutac-  ^ 
hiring  facilities  are  being  de- 

*  voted  to  special  radio  appara- 

*  tus  for  .  .  .  * 

^  U.  S.  SIGNAL  CORPS  * 

*  U.  S.  NAVY  * 

*  U.  S.  ORDNANCE  DEPT.  * 

*  F.  C.  C.  * 

*  F.  B.  I.  * 

*  U.  S.  TREASURY  DEPT.  * 

*  ondWARMANUFACTURERS  ★ 

FINCH  TELECOMMUNICATIONS,  lie. 
PASSAIC,  N.  J. 
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TYFf  C-2B-1A  (illustrOtad)  —  d«v*lop««l  MpMially  for  aircraft  VM.  Woll  adapt> 
ablo  to  blowor  applications,  wndor  most  advorso  conditions.  Oosignod  for  con¬ 
tinuous  duty.  Ball-boaring-o<|uippod  —  built  in  an  aluminum  dio-cast  housing. 
1/100  H.P.  6,  12,  24  or  115  volts  A.C. 


PROVED  PERFORMANCE 

Oster  Type  2-CB  motors  stand  up  under  the  most 
adverse  conditions  in  blower  applications  .  .  . 


Designed  to  save  space  and 
and  to  give  you  dependable  servi 

^  the  all-around  satisfaction  that  jus- 

You  can  depend  on  .mesyoorgood  judgmentinchoos- 

,0  live  upto  the  world-wide  repu-  ^  *d^,e50utceforinotors. 

tarion  of  pre-war  Oster  appian  ,  „  a  type  C-2B-1A, 

and  to  deliver  results  that  ad  l  /s 00  H  P  model  in  current  pro- 

the  prestige  of  your  ^od^J»J  „„dels  up  to  Vt 

war  and  peacetune  uses.  Carelu  ^  ^[,,5 

engineering  and  precision  wor  -  - 

John  Oster  Mfg.  Co. 

Department  L-15  J 
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Plastic  RAIN  GAGE 

Calibrations  by  ROGAH 

Brinded  ii  “Deep  Relief"  for  Peraaneece 

ir  While  Rogan  did  not  nutnufaaure  the  plastic  Rain 
Gage  illustrated  at  left,  Rogan  did  perform  an  im¬ 
portant  function  in  helping  to  make  this  unit  a  vital 
instrument  of  wv.  How  .  .  ?  By  bnmding  the  gradua- 
titms  in  deep-relief  on  the  inner  tube  to  meet  most 
rigid  government  specifications. 

Designed  and  produced  by  one  of  the  nations 
leading  molders,  Dillon-Beck  Mfg.  Co.,  Irvington, 
N.  /.,  in  collaboration  with  the  U.  S.  Signal  Corps, 
the  Rain  Gage  is  now  being  widely  used  by  the 
armed  forces  to  measure  rainfall,  so  essential  to  the 
successful  planning  and  waging  of  war. 

Calibrating  the  Rain  Gage  to  such  close  tolerances 
offers  convincing  proof  that  Rogan  can  do  your  brand¬ 
ing  on  plastics,  no  matter  how  exacting  your  require¬ 
ments  may  be. 

Write  today  for  Full  Details — No  Obligathol 

ROGAN  BROTHERS 

2003  S.  MICHIGAN  AYE..  CHICAGO  14.  ILLINOIS 


THE  ISOSOIOOP? 


This  was  the  highest  "Q"  loop  known. 
It  went  into  vast  numbers  of  pre-war 
receivers.  For  the  present,  all  of  our 
efforts  are  devoted  to  making  DX  Xtals 
but  when  Peace  comes,  we  hope  to  be, 
once  again,  the  World's  Largest  Loop- 
Aerial  Manufacturers. 

May  we  help  you  with  your  pest  war  plansf 


DX  CRYSTAL  CC. 

GENERAL  OFfICES  1841  W  CARROLL  AVE.,  CHICAGO,  ILL.,  U  S  A.  Q 


available  include  red,  green,  amber, 
blue,  yellow,  opal,  white  or  clear. 
Trademarks,  numerals,  letters  or 
special  signals  may  be  inrarporated 
in  the  assembly. 

The  unit  has  silver-plated  vibra¬ 
tion-proof  terminals,  and  may  be 
had  grounded  or  ungrounded.  The 
socket  accommodates  all  voltages  of 
the  following  lamps:  T-8i  minia¬ 
ture  bayonet  base,  single  contact; 
TS-63  miniature  bayonet  base ;  and 
Mazda  No.  51  G-S  miniature  bay- 
onet  base. 

The  Dial  Light  Co.  of  America, 
90  West  Street,  New  York,  N.  Y. 


Bobbin-Type  Koolohm  \ 
Resistors 

These  Bobbin-type  Koolohm  re¬ 
sistors  have  been  treated  with  a 
current  and  temperature  ageing 
process  to  assure  stability.  Stand¬ 
ard  resistance  tolerances  are 
percent  for  full  wattage  rating,  al¬ 
though  closer  tolerance  (as  low  aa 
percent)  can  be  provided  at 
lower  wattage  ratings.  The  maxi¬ 
mum  power  rating  is  2.6  watts,  and 
maximum  resistance  is  260,000 
ohms  in  a  section  8  inches  wide  and 
having  a  diameter  of  it  inches.  The 


maximum  recommended  operating 
temperature  (ambient  plus  rise)  is 
160  deg  C. 

These  bobbin-type  resistors  are 
wound  with  the  flexible  ceramic-in¬ 
sulated  Koolohm  resistance  wire  on 
molded  high-temperature  plastic 
forms,  fitted  with  lug  terminals 
molded  integrally  into  the  forms. 
Units  are  vamish-impregnated  to 
provide-  additional  protection 
against  tropical  humidity  condi¬ 
tions.  The  resistors  may  be  used 
as  meter  multipliers,  as  resistance 
standards  in  control  instruments, 
as  resistance  elements  of  RC  oscil¬ 
lators,  as  power  resistors  of  med¬ 
ium  wattage  ratings  in  values  to  1 
megohm,  and  where  a  high  degree 
of  stability  is  required. 

Sprague  Specialties  Co.,  Resistor 
Div.,  North  Adams,  Mass. 
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UriT  OFF 

nUI  WIRE 

PRODUCTION  STRIPPING 


IDEAL 
"Hot- Blade" 

WIRE  STRIPPER 


METAL  ETCHING  CO. 

21-03  44th  AVE. 

LONG  ISLAND  CITY,  NEW  YORK 


idcal  commutator  dresser  CO 


Speed  Nut 

A  NEW  “Hi-Stress”  speed  nut  (No. 
A6103H-1032)  conforms  to  AAF 
specification  No.  25531,  and  is 
light  in  weight.  It  is  a  one-piece 
integral  unit  with  low  installation 
torque  and  is  designed  for  speedier 


insertion  of  screws  and  bolts.  It  is 
interchangeable  with  nut  plate 
AN362,  for  high  temperature  ap¬ 
plications.  Another  feature  of  this 
new  product  is  that  it  retains  its 
self-locking  torque  after  many  re¬ 
movals. 

Tinnerman  Products  Inc.,  2106 
Fulton  Road,  Cleveland  13,  Ohio. 


Quiddy  strips  cotton,  silk,  or  rubber 
from  fine  stranded  or  solid  wires.  In¬ 
sulation  is  burned  (not  cut)  from  wire 
by  two  electrically  heated  blades.  No 
cutting  or  niddng  of  wire. 


TERMlNAl  RADIO  CORP 


Dielectric  Test  Set 


Model  1031-G  DuauECTRic  test  set 
provides  a  convenient  d-c  source  for 
voltage  breakdown  tests  up  to  4000 
volts.  It  utilizes  a  half-wave  cir¬ 
cuit  that  delivers  up  to  18  ma.  A 
resistive  guard  circuit  is  provided 
so  that  momentary  shorts  on  the 
output  do  not  damage  the  instru¬ 
ment.  The  high  voltage  output  is 
delivered  at  safety  connectors  to 
which  may  be  readily  connected  24- 
inch  flexible  cables  which  are  insu¬ 
lated  and  terminated  in  high  volt¬ 
age  test  prods.  The  ground  ter¬ 
minal  of  the  instrument  is  provided 
with  a  heavy  duty  clip.  A  neon 
glow  lamp  indicates  charge  and  dis¬ 
charge  of  capacitive  test  specimens, 
as  well  as  breakdown  of  the  insula¬ 
tion  under  test.  An  output  indi¬ 
cating  meter  shows  the  voltage  be¬ 
ing  applied  to  the  specimen  and  a 
primary  Variac  provides  continu¬ 
ous  control  of  the  output  voltage. 
No  extended  warm-up  period  is  re¬ 
quired  and  the  test  voltage  is  avail¬ 
able  .as  soon  as  the  instrument  is 
turned  on.  The  unit  is  self-con¬ 
tained  and  comes  in  a  ventilated 
steel  cabinet  which  measures 
8x10x8  inches.  Also  supplied  with 
the  instrument  is  a  flexible  cord 
and  attachment  plug  for  connection 
to  a  110  volt,  60  cps  circuit. 

Technical  Apparatus  Co.,  Bos¬ 
ton.  Mass. 


IDEAL  ELECTRIC 
SOLDERING  TOOLS 


■  Revolutionary 
Instant  Heat! 
IDEAL 
"Thermo- 
Grip”  Solder-, 
ing  Tools  heat 
up  the  part  to 
be  soldered — 
not  just  the  soldering  tool.  Melt  high- 
melting-point  solder  instantly. 


IDEAL 


Solderless,  tapeless  wire  connectors. 
Easy  to  use.  Strip  wires,  screw  on  — 
that’s  all.  Fully  approved.  Listed  by 
Underwriters’  Laboratories,  Inc.  Sizes 
for  every  job.  • 


made  to  your  precise  engineer¬ 
ing  specifications  in  etched 
metals  and  finishes. 


1431  Park  Av«.  Syeamer*.  Illliioif 

Soles  OIRces  la  All  Principal  Citlas 
In  Canada:  IRVING  SMITH.  LTD.,  Montrsal.  QuebM 
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A  BOOK  OF  UNUSUAL  VALUE 


200  Paiges  of. 
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9  PRINTING 


finml  EifiMtriii  Takits:  Conversion. 


Franions  of  Inch,  Copper  and 


Copperweld  Wire,  Machine 


Screw  Data. 


UfiMlriiiiHllitiridOita;  Insulating 
Materials,  Plastics,  Physical 


Constants  of  Metals,  Spark  Gap 
Voltages,  Thermocouples,  Water 
Pressure  Data,  Power  Supplies 
in  Foreign  Countries,  Weadier 
Data,  Audible  and  Ether  Spec- 
trums,  RF  Classifications. 


Ill  Mi  IlM  Bni|i:  Condenser  and 
Resistor  Color  Codes,  Indue* 
tance  and  Reactance  Charts, 
Time*  Constants,  Impedance 
and  Electrical  Circuit  Formulas, 
Network  Theorems,  Attenu¬ 
ators,  Filter  Networks,  Arrays, 
Frequency  Tolerances. 

Us9  this  CoHvmihat 
r  ‘  Ordf  Form 


IWsi  mt  Hmt  MnsariMitzWireTele- 

pbony.  Radio. 

HuhSiN^Wmfims:  Relaxation 
emulators.  Electronic  Differen¬ 
tiation,  Fourier  Analysis  of  Re¬ 
current  Waveforms,  Commonly 
Encountered  Waveforms. 

MatkMnticsl  FstmIis  Mi  (Mird  lifinu- 
tiM:  Miscellaneous,Mensuration, 
Complex  Quantities,  Algebraic 
and  Trigonometric,  Small 
Angles,  Qu^ratics,  Progression, 
Combinations  and  Permuta¬ 
tions,  Binomial  and  Maclaurin 
Theorems,  Hyperbolic  and 
Odier  Functions,  Great  Grcle 
Calculations. 

IWI»«ttMlTillM:  Lo^ithms,  Nat¬ 
ural  Trigonometric  Functions, 
Logarithms  of  Trigonometric 
Funaions,  Exponentials,  Nat¬ 
ural  Logarithms,  Hyperbolics, 
Bessel  Funaions. 


Publicttion  Department. 

Federal  Telephone  and  Radio  Corporatkm 
67  Broad  Street,  New  York  4,  N.  Y. 

1  wclose  .  dollars  for  which  send  me  .  copies  of 

Reference  Data  for  Radio  Engineers’*  ( Sl.OO  per  single  copr. 
In  quantities  of  12  or  more,  for  bulk  shipment,  75^  per  copy). 
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FOR 

EVERY 

RADIO 

ELECTRICAL 

AND 

ELECTRONIC 

USE 


FORD  RADIO  &  MICA  CORP 


Joseph  J.  Long,  President 

538  63rd  Street,  Brooklyn  20i  N.  Y. 

Established  1 91  7  •  Telephone  Windsor  9-8300 


skill  of  a  high  degran  be-  A 
comes  habitual,  and  shows  up  ^ 
in  the  smallest  detail  —  that’s  t 
Craftsmanship! 

Having  specialized  for  many  years,  Par- 
Metal  has  this  habit  of  Craftsmanship  — 
expressed  throughout  the  entire  line 
which  ranges  from  small  chassis  to 
housings  for  huge  transmitters. 

L  To  get  a  picture  of  what  Par-Metal 
k  can  do  now  (and  the  post-war  A 
possibilities)  write  for  a 
copy  of  Catalogue 
_  No.  41.A. 


CRBiners 


CHASSIS 


PRAELS 


RACKS 


Copper  Oxide  Rectifiers 

“COFROX’ 


MISIGNATfiS  a  group  of 
copper  oxide  rectifiers.  They  utilize 
gold  contacts  on  the  copper  oxide 
pellets  and  have  adaptable  mount¬ 
ings.  Pre-soldered  lead  wires  (or 
other  arrangements)  are  used  to 
prevent  overheating  during  the  as¬ 
sembly  of  the  equipment  using  these 
rectifiers.  Units  available  include; 
BX-lOO  which  is  a  center  tap,  full 
wave  rectifier  completely  enclosed 
in  Bakelite.  It  operates  in  special 
circuits  rated  up  to  8  Me.  Type 


Tfce  Importofic*  of 


for  NatloHoJ  Defense 


Radio  eqaipnoaf  «sod  In  toaks 
ceataias  tabos  o«d  eoadonsors 
ia  which  Mica  iasalatioa  plays 
a  vital  part. 


Resistors 

These  resistors  are  designated  as 
“Meg-O-Max”  and  are  made  with  a 
minimum  of  critical  materials. 
They  are  for  use  in  high  discharge 
circuits,  and  may  be  used  at  high 
voltages  and  high  ambient  temper¬ 
atures.  The  resistors  are  made  of  a 
series  of  pressed  and  sintered  ring- 
shaped  segments  electrically  joined 
which  make  the  units  non-inductive. 
The  units  are  encased  in  a  hermet¬ 
ically  sealed  glass  envelope  which 
is  provided  with  ferrule  terminals. 


PRODUCTS  CORPORATION 

32.«2..-499ii  STREET  .  .  .  LOMO  ilftAND  CITT,  N.  T. 
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The  enviable  record  of  TUNG-SOL  Electronic 
Tubes  in  military  equipment  shows  the  ability  of 
these  tubes  to  withstand  abuse  far  beyond  ordi¬ 
nary  civilian  requirements.  This  sturdiness  is 
the  result  of  many  construction  features  devel¬ 
oped  by  TUNG-SOL  engineers  in  their  never 
ending  cycle  of  designing  and  testing. 

A  typical  TUNG-SOL  feature  is  the  method 
of  anchoring  the  filament  tension  spring.  It 
practically  eliminates  the  possibility  of  spring 


failure,  one  of  the  causes  of  damage  to  the  fila¬ 
ment.  It  is  the  sum  of  these  features  that  enables 
TUl^G-SOL  Electronic  Tubes  to  remain  efficient 
longer  under  adverse  conditions. 

After  the  war,  manufacturers  of  electronic 
products  will  find  at  TUNG-SOL  a  wealth  of 
engineering  and  production  skill  to  help  them 
make  new  or  better  electronic  devices.  Those 
engaged  in  war  work  are  invited  to  bring  their 
problems  to  TUNG-SOL  now. 


|-*-FILA»l£NT  j-«-FILAMENT 

TUNG. SOL  WAY  USUAL  WAY 

The  common  practice  was  to  spot-weld  the  end  of  the 
spring  to  the  top  of  an  anchor  post.  The  weld  always 
causes  crystallization  of  the  spring  at  the  point  where 
flexibility  was  needed.  The  TXJNG-SOL  design  locates 
the  weld  back  from  the  fulcrum  point  so  that  the 
crystallization  is  at  a  point  where  it  cannot  impair 
the  spring. 


ELECTRONIC  TUBES 


TUNG-SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

ALSO  MANUFACTURERS  OF  MINIATURE  INCANDESCENT  LAMPS.  ALL-GLASS  SEALED  BEAM  HEADLIGHT  LAMPS  AND  CURRENT  INTERMIHORS 
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I  Physically  compact 
%  HighQ 

%  Available  In  stand¬ 
ard  inductances  of 
•5  mh,  1.0  mh,  2.5 
mh,  5.0  mh,  10  mh. 

^  Inductance  tol.  ±  3% 

Writ*  Hf  ^mfm  $k—f. 

Precision  menufacturers  of  all 
types  of  IF  and  RF  coik, 
chokes,  and  transformers. 


ESSEX 

ELECTRONICS 

1060  Broad  St.,  Newark,  N.  J. 


The  resistors  are  available  in  two 
lengths:  Type  1  measures  5  A 
inches  long  and  has  a  range  of  from 
3600  ohms  to  100  megohms;  Type 
2  measures  913  inches  long  and  has 
a  range  of  from  6800  ohms  to  100 
megohms. 

The  resistors  may  also  be  used  as 


high  voltage  bleeders  and  as  coarse 
meter  multipliers  for  voltage  indi¬ 
cators,  or  in  such  applications  as 
high-voltage  networks,  measuring 
equipment,  rectifier  systems,  high- 
voltage  dividers,  and  as  broad  ac¬ 
curacy  meter  multipliers. 

Sprague  Specialties  Co.,  Resistor 
Div.,  North  Adams,  Mass. 

D-C  Motor  for  Aircraft 

A  NEWLY  DESIGNED  aircraft-type  d-c 
series  motor  is  primarily  for  use 
in  airborne  equipment.  It  operates 
(continuous  duty)  on  13  volts  d.c., 
7.4  amps,  and  delivers  full  1/12  hp 
at  7,500  rpm.  The  motor  measures 
4rk  inches  in  length  and  23  inches 
in  diameter.  It  is  of  ball-bearing 
I  construction  and  weighs  3J  lbs.  The 
diameter  shaft  extension  measures 


3  inch.  The  motor  has  low  tempera¬ 
ture  rise  and  is  suitable  for  opera¬ 
tion  under  high  ambient  temper¬ 
atures. 

The  basic  design  of  the  motor 
described  above  can  readily  be  mod¬ 
ified  to  other  applications  with 
either  shunt  or  series  windings  for 
a  desired  voltage,  current,  and  hp 
output. 

Alliance  Mfg.  Ck).,  Lake  Park 
Blvd.,  Alliance,  Ohio. 


TEST  INSULATION 
THE  MODERN  WAY 


. . .  WITH  A 
MODEL  B-5 

MEGOHMER 

NEW  BAHERY-VIBRATOR  TYPE 

No  more  tiresome  cranking  of  a  hand-driven 
generator.  Entirely  self-contained.  Steady 
test  potential  of  500  volts  D.C.  available 
at  the  touch  of  a  switch.  Direct  reading  in 
insulation  resistance.  Various  new  models 
and  ranges. 

Write  or  phone  for  Bulletin  430 


27  PARK  PLACE 


(OMPANy,  IN<. 

NEW  YORK,  N  Y. 


'J 


la  Gaul 

kfess,  kveese.  esker  SMSels  ee4 
eNoysi  o«v  eeeeHty,  let  verieet 
■ledianical  appMcoNent.  Medeni 
keot-lfeoliee  tocUMiet.  Spot  WeW- 
iMfl  end  tapped  oiieibHei. 

Seed  ie  yoer  prieh  for  qeota. 
Ileet  and  Inqeiriet  for  fertkei 
iefoneattoa  on  STAMPINGS  — 
SPRINGS— WIRE  FORMS 


M.  D.  HUBBARD  SPRING  CO. 

135  Central  Ave.  •  Pontiac  12,  Mich. 
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IN  VOLUME 


(i-M  i.Ai{()KAT()Rii-:s  Ixc. 


WAR  BONDS  &  STAMPS 


G-M’s  production  facilities  can  now  serve  a  few  additional 
volume  users  of  meters  . . .  and  assure  deliveries  in  keeping 
with  today’s  wartime  needs  •  Over  100,000  meters  have 
been  supplied  for  one  aircraft  application  alone ...  if  the 
spechcations  below  meet  your  requirements  . . .  and  if  your 
problem  is  quick  delivery . . .  write,  wire  or  phone  today. 


Avail  yourself  of  both  our 
engineering  and  produc¬ 
tion  facilities  for  quick 
attention  and  experi¬ 
enced  service. 


General— Designed  to  conform  to  "American  War  Standards 
C 39.2-1944”  for  Electrical  Indicating  Instruments. 


Size— 2^6",  Round,  Flush  Mounting,  Panel  Type, 


Case— Standard  case  is  of  moulded  bakelite.  Available  also  in  metal 
(brass)  case. 


Solid  alloy-steel  magnet  (not  laminated) 


Range,  D-C— Available  from  0-200  micro-amperes  to  0-10  amperes, 
or  0-3.0  volt  to  0-200  volts,  D-C. 


4313  NORTH  KNOX  AVENUE,  CHICAGO  41.  ILLINOIS 
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Pilot  Light 

Pilot  lights,  designated  as  Sli, 
are  available  for  either  panel  or 
switchplate  mounting  and  are  for 
use  with  the  manufacturer’s  stand¬ 
ard  Sll  lamp  bulb,  rated  at  10 
watts  and  available  in  all  colors. 
The  bulb  is  recessed  into  the  unit 


from  the  front  of  the  panel  so  that 
the  tip  of  the  lens,  which  is  exposed, 
assumes  the  appearance  of  a  lens. 
This  recessing  provides  exterior 
ventilation  to  the  lamp  bulb  and 
protection  against  breakage.  H.  R. 
Kirkland  Co.,  Morristown,  N.  J. 


Hermetic'Sealing  Alloy 

Kovar  is  a  patented  alloy,  con¬ 
sisting  of  iron,  nickel  and  cobalt, 
developed  by  Westinghouse  Elec¬ 
tric  &  Mfg.  Co.  It  is  marketed  by 
the  Stupakoff  Ceramic  A,  Mfg.  Co., 
Latrobe,  Penna.,  and  is  available  in 
forms  of  rod,  wire,  tube,  sheet,  or 
in  special  shapes. 

Kovar-glass  seals  have  been  pr^ 
viously  used  in  the  manufacture  of 
electronic  tubes  to  make  a  vacuum 
pressure  tight  seal  with  glass,  and 
are  now  available  for  other  applica¬ 
tions  such  as  in  transformers,  re¬ 
sistors,  capacitors,  switches,  relays, 
heating  elements,  instruments,  com¬ 
pressors,  etc.  The  seal  consists  of 
an  electrode  and  a  flange  with  an 
intervening  thermal-shock-resis¬ 
tant  sealing  glass.  The  vacuum  and 
pressure  tightness  of  the  seal  is 
made  by  a  heating  process  which 
results  in  a  chemical  bond  between 
the  glass,  the  electrode  and  the 
flange.  The  glass  seals  are  designed 
to  withstand  varying  degrees  of 
pressure,  temperature  and  humid¬ 
ity.  For  manufacturers  who  are 
not  equipped  with  glass  working 
equipment  and  cannot  use  Kovar  in 
unfinished  form,  Stupakoff  can  sup¬ 
ply  Kovar  sealed  terminals  and  as¬ 
semblies  which  are  ready  for  sd- 
dering,  welding  or  brazing. 


RADIO  PARTS 


Cabinets,  condensers,  chokes  and 
scores  of  accessories  —  all  "caught 
in  the  draft."  If  you  are  producing 
electrical  equipment  for  war  duty 
send  prints  and  specifications.  We 
may  be  able  to  fit  your  order  into 
our  schedules. 
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NEW  YORK 
TRANSFORMER  CO. 


.  .  AT  50,000  FEET 
AND  -  57.4  DEG.  F 


26  WAVERLY  PLACE 
NEW  YORK  3.  N.  Y. 


u  j  To  the  combat  pilot,  high  up  in  the  inky 
blackness  of  night,  the  glowing  instru- 
V  ments  are  more  than  a  mechanism  .  .  . 
they’re  his  security,  his  strategy  and  his  return 
ticket!  These  lights  must  not  fail! 

To  further  this  dependability  in  aircraft  lighting 
systems,  the  N-Y-T  Sample  Dept,  has  produced 
the  8  ounce  transformer  illustrated — lighter  in 
weight  by  40%  than  any  component  of  the 
same  output  previously  used. 

Conservative,  from  the  standpoint  of  elec¬ 
trical  and  mechanical  characteristics,  this  N-Y-T 
unit  has  a  temperature  rise  of  only  30  deg.  C. 
and  permits  operation  over  all  ambient  from 
minus  65  deg.  C.  to  plus  70  deg.  C.  Its  diversity 
of  application  is  illustrated  by  the  fact  that  out¬ 
put  voltages  and  currents  may  be  varied  without 
affecting  size  and  weight,  if  the  output  is  held 
to  30  V.A. 


This  is  but  one  of  the  many  custom-engineerings  executed  by 
N.Y.T.  technicians,  in  hastening  Victory  through  electronics; 
similar  transformer  products  will  aid  immeasurably  in  the  ful* 
fillment  of  peace-time  advancements.' 


•  •  IN-ReS-CO 

»^esis#orshave 

*hat  essential 

«*esignability» 


ff.V 
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Vacuum-Tube  Volt  Meter 

These  vacuum-tube  volt  meters  are 
for  use  in  radio  and  audio  fre¬ 
quency  production  and  laboratory 
measurements.  Features  include 
sensitivity,  stability,  and  a  built-in 
standard  cell  for  calibration  checks. 
The  voltage  ranges  are  rated  0.6, 
5,  20  and  200  a.c.  Frequency  ranges 
are  from  2  cps  to  150  Me.  Resonant 
frequency  is  360  Me.  The  instru¬ 
ment  is  accurate  to  2  percent  of  the 
full  scale  on  voltage,  and  2  percent 
to  150  Me  on  frequency.  There  is 
an  automatic  zero  adjustment  on  all 
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'A'  Manufacturars  of  sansi- 
tiva  aquipmanf  for  industrial 
and  military  naads,  h  a  v  a 
found  tba  intagrating  advan- 
tagas  of  IN-RES-CO  rasistors 
of  particular  importanca 
whara  tpaca  is  limitad.  Thasa 
aicaadingiy  compact  com¬ 
ponents  offer  dependability 
under  severe  atmospheric 
and  electrical  conditions  be¬ 
cause  each  must  pass  a  volt¬ 
age  breakdown  overload 
test  of  100%  their  rated 
working  voltage.  Literature 
will  be  sent  prdmpHy  on  re¬ 
quest  without  obligation. 


TYPE  M.  (as  left),  '/t  Watt,  Non- 
inductive,  Standard  tolwance 
ViX.  Maiimufli  resistance  500,000 
ohms.  Site  'A"  diem,  x  Vs"  high. 

TYPE  SL  (at  right)  I  Watt,  Non- 
inductive,  Standard  tolerance 
'AX.  Maximum  resistance  I  Meg¬ 
ohm,  She  *A"  diam.  x  15/U" 
high. 


!|NRES'C0) 

INSTRUMENT 
RESISTORS  COMPANY 

25  AMITY  ST  LITTLE  FALLS,  N.  J 


ranges,  with  readings  varying 
from  1  percent  with  10  percent  line 
voltage  fluctuation.  The  model  il¬ 
lustrated  (No.  201)  has  a  built-in 
probe,  and  a  rated  input  capacity 
of  10  fi/if.  It  is  priced  at  $126. 
Model  200  has  the  same  characteris¬ 
tics  as  Model  201  except  that  it  has 
a  separate  probe  and  sells  for  $135. 
Its  rated  input  capacity  is  5  jx/xf. 

Televiso  Products,  Inc.,  6533  N. 
Olmstead,  Chicago  31,  Ill. 


Pre-Insulated  Solderless 
Terminals 

Pre-insulated  terminals  designed 
to  eliminate  the  need  for  buying, 
stocking  and  applying  insulating 
sleeving  to  crimped  terminals  are 
available  on  a  mass  production 
scale.  The  insulation  is  perma¬ 
nently  bonded  to  the  copper  of  the 
terminal  so  that  it  cannot  be  acci¬ 
dentally  removed.  One  operation  is 
required  to  use  these  terminals,  and 
that  is  to  crimp  the  terminal  on  the 
wire  with  available  precision  instal¬ 
lation  dies.  The  pre-insulation  takes 
the  exact  contour  of  the  crimp  with¬ 
out  distortion,  cracking  or  drying 
out  in  use.  Identifleation  of  termi¬ 
nals  and  matching  dies  is  achieved 


residue*  refined  and  re¬ 
worked  on  toll  charges;  or 
purchased  outright  by  us  . . . 

Write  for  list  of  Products. 
Discussion  of  technical 
problems  invited  .  .  .  ; 


SIGMUND  COHN  &  CO, 

44  (30LD  ST  *  NEW  YORK 
SINCE  1901 


UNUSUAL  OPPORTUNITY 

for 

Electro  Meckaiical  Eagiaeers 
. . .  Predictioa  Mea 

v 

Medium-sized,  progressive  organiza¬ 
tion  in  Eastern  area  has  openings  with 
above-average  opportunity  for  several 
Electro  Mechanical  Engineers  skilled 
in  high  precision  work  and  several 
Production  Men  experienced  in  setting 
up  and  supervising  production  lines. 

Generous  starting  salaries  will  be  paid 
and  the  men  selected  will  occupy  key 
positions  working  with  company’s  small 
group  of  congenial  executives. 

The  company  is  at  present  concentrat¬ 
ing  on  the  manufacture  of  a  highly 
essential  electronic  device  for  the 
armed  forces  which  has  big,  postwar 
future  as  have  several  other  products 
now  being  developed  for  afterwar 
markets. 

Men  joining  this  company  now  who  j 
make  good  will  have  permanent,  im-  j 
portant  place  in  this  company’s  assured 
progress.  If  interested,  write  full  par¬ 
ticulars  about  yourself  to  Charles  W.  j 
Hoyt  Company,  Inc.,  551  Fifth  Ave, 
New  York  City.  All  correspondence 
will  be  kept  strictly  confidential. 
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SCIENCE 
T  H  N  E  S  S 


Not  many  years  ago  engineers  took 
vibration  for  granted.  They  designed 
their  metal  parts  carefully  and  ma¬ 
chined  them  accurately.  They  lubri¬ 
cated  them  properly.  Beyond  that, 
what  could  they  do? 

Then  a  discovery  was  made.  It  was 
a  simple  discovery  but  one  that  has 
changed  the  whole  course  of  machine 
design.  A  United  States  Rubber  Com¬ 
pany  scientist  found  that  rubber  could 
be  engineered  just  as  you  engineer 
steel.  Its  physical  properties  could  be 
mefisured  exactly.  It  could  be  engi¬ 
neered  into  the  machine  at  blueprint 
stage  just  like  any  other  part. 

And  when  rubber  was  placed  at 
exactly  the  right  spots,  vibration  was 
cut  to  the  vanishing  point  and  engine 
and  manpower  efficiency  was  in¬ 
creased. 

That  discovery  was  the  beginning  of 


a  new  conception  of  machine  design. 
During  the  war  years  it  has  moved 
ahead  at  lightning  speed. 

Today  electronics  depends  on  it. 
Engines  could  not  be  operated  effi- 


Serving  Through  Science 

ciently  without  it.  Ships,  airplanes, 
industrial  machines,  trains,  streetcars 
have  reached  new  levels  of  develop¬ 
ment  because  of  the  rubber  springs  we 


call  rubber  mountings. 

From  the  first  discovery  till  today, 
our  engineers  in  the  field  and  in  the 
laboratory  have  studied  the  problem 
of  vibration  damping.  In  coopera¬ 
tion  with  tKe  Army  and  the  Navy  and 
with  industrial  design  engineers,  they 
have  worked  on  countless  vibration 
problems  of  nearly  every  kind. 

When  you  are  designing  equipment 
for  war  production  and  for  post-war 
production— remember  that  vibration 
is  a  waster.  Smoothness  spells  effi¬ 
ciency,  economy  and  speed.  Rubber 
mountings  can  give  you  smoothness. 

United  States  Rubber  Company 
engineers,  trained  to  the  job,  are 
serving  through  science  to  conquer 
vibration,  to  speed  our  fighting  forces. 
They  are  planning  with  industry  for 
smoother,  speedier  production— today 
and  tomorrow. 


UNITED  STATES  RUBBER  COMPANY 

1230  Sixth  Avenue,  Rockefeller  Center,  New  York  20,  N,  Y.  •  In  Canada:  Dominion  Rubber  Co.,  Ltd. 


Listen  to  the  Philharmonic-Symphony  program  over  the  CBS  network  Sunday  afternoon,  3:00  to 
•  4:30  E.W.T.  Carl  Van  Doren  and  a  guest  star  present  an  interlude  of  historical  significance.  • 
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USE 


where 

plain 

set 

screws 

won’t 

hold 

tight 


Re«.  U.  8.  Pat.  Oft. 

SELF-LOGKINfi  HOLLOW  SET  SCREWS 
with  the  KNURLEO  points 

Don't  risk  machine  breakdowns  and  production  de¬ 
lays  that  can  result  when  ordinary  set  screws  work 
loose.  Take  this  simple  precaution.  Replace  plain 
type  screws  in  all  those  doubtful  places  with 
KNURLED  pointed  "Unbrako"  Self-Lockers.  Once 
they  are  tightened  as  usual  the  knurled  points  dig 
in  and  keep  them  in  place  in  spite  of  any  vibration. 
You  can  safely  forget  them  but  they  can  be  easily 
removed  and  used  over  and  over.  Get  our  catalog 
for  details.  Sizes  No.  4  to  11/2"  diameter.  Full 
range  of  lengths.  _ 


OVER  40  reAKS  IN  lUSINESS 


Knurltnff  of  sockot 
Ncrews  originated 
with  **Unbralio*' 
years  aco. 


STANDARD  PRESSED  STEEL  CO. 

JENKINTOWN,  PENNA.  BOX  596 


- UAMMS - 

BOSTON  •  DETROIT  •  INDIANAPOLIS  •  CHICABO  •  ST.  LOUIS 


SAN  FRANCISCO 


by  the  use  of  markings  which  are 
available  in  two  sizes:  red  is  used 
for  terminals  and  dies  for  wire 
sizes  22  to  18,  and  blue  is  for  wire 
sizes  16  to  14. 

Bulletin  29  describes  these  ter¬ 
minals  available  from  Aircraft- 
Marine  Products  Inc.,  1521  North 
4th  St.,  Harrisburgh,  Pa. 


Coating 

INSL-X  COATING  provides  a  tough, 
hard  coating  impervious  to  mois¬ 
ture,  acids  or  alkalis.  It  will  not 
chip  or  crack  and  may  be  used  with 
a  minimum  of  labor  on  stator  field- 
coils  on  electric  motors.  It  is  un¬ 
necessary  to  tape  the  coils  after 
winding.  All  that  is  necessary  is  to 
secure  the  comers  tightly  since  the 
coating  tends  to  contract  when  dry¬ 
ing  and  in  this  way  provides  a 
sealing  coat  that  holds  the  wire  as 
in  a  vise,  and  prevents  vibration 
or  shifting.  The.  manufacturer 
recommends  Insl-x  No.  33  for  pre¬ 
shaped  coils  and  No.  11-6  (a  more 
flexible  mater iEil)  for  coils  where 
shaping  is  done  after  insulation. 

Insl-X  Co.,  857  Meeker  Ave., 
Brooklyn,  N.  Y. 


AGDC  Power  Supply 
Systems 

Type  1097  engine  driven  ac-dc  gen¬ 
erator  provides  200  amps  at  28.5 
volts  d.c.  and  10.4  amps  at  115  volts 
a.c.  at  speeds  from  4400  to  8000 
rpm.  The  system  consists  of  an  en¬ 
gine  driven  generator  and  a  car¬ 
bon  pile  voltage  regulator.  Both 


FINISHED  ELECTRODES  FOR  CRYSTALS 


Size  and  types  made  to  your  specification  with 
air  gap  tolerance  held  within  5  microns 
(Established  1926: 


HETMAN  MANUFACTURING  COMA. 


a-c  and  d-c  outputs  are  available 
simultaneously  over  the  entire 
rated  speed  range.  The  generator 
is  designed  to  mount  on  the  main 
engine  generator  of  aircraft. 

Eclipse-Pioneer  Div.,  Bendix  Avi¬ 
ation  Corp.,  Teterboro,  N.  J. 

ktgy  I w  — electronics 


The  NC'IOOXA  has  gone  to  war.  Under  the  pres¬ 
sure  of  the  emergency  following  Pearl  Harbor,  many 
stock  receivers  of  the  lNC-100  series  went  into  action, 
and  served  brilliantly.  Since  then  growing  experi¬ 
ence  has  led  to  a  long  series  of  minor  changes  and 
improvements,  culminating  in  the  superb  receiver 
shown  in  the  photograph  above.  We  cannot  show 
what  is  inside  the  cabinet  until  after  the  war, 
but  a  glance  at  the  front  panel  will  make  any  ama¬ 
teur  recognize  an  old  friend.  It  is  stripped  for  action 
and  in  battle  dress,  but  it  is  still  the  old  reliable 
NOIOOXA.  And  like  its  amateur  prototype,  this  new 
Navy  model  is  winning  an  impressive  reputation  for 
brilliant  performance  and  absolute  reliability. 


NATIONAL  COMPANY,  INC.,  MALDEN,  MASS. 
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-  -.^MULTI-POLE 
SMALL  and  POWERFUL 

The  Sensitive  G-M  Type  27  relay  answers  many  problems  requiring  small, 
multi-pole  relays  in  electronic  circuits.  Its  small  size,  rugged  construc¬ 
tion,  extreme  efficiency  and  high  contact  capacity  make  it  ideal  for  uses 
on  aircraft  and  mobile  equipment  where  vibration  is  encountered.  De¬ 
signed  for  permanence  of  aajustment.  Temperature;  humidity;  elevation; 
salt  spray  test;  to  usual  aircraft  specifications.  Two  actual  examples  of 
type  27  characteristics  are: 

1.  Type  27,  specification  12700,  single  pole  single  throw  relay — contact  pressure  50 
grams  minimum;  acceleration  lOg.;  coil  power  90  milliwatts  at  25°  C.  ambient; 
contact  gap  .010  inch;  weight  5  Vi  ounces. 

2.  Type  27,  specification  12746,  three  pole  relay  with  two  double  throw  contacts  and 
one  single  pole  normally  open  contact — contact  pressure,  30  grams  minimum: 
acceleration,  lOg.;  pick-up  3.75  milliamperes  maximum  with  10,550  ohm  coil  (148 
milliwatts);  contact  gap  .010  inch;  weight  5 Vi  ounces. 

Comparable  relays  with  a  variety  of  contact  forms  and  coil  resistances  can  be  supplied. 
We  invite  your  inquiries. 


4313  NORTH  KNOX  AVE.,  CMCAOO  41,  OL. 


PROoua 

WITH  A 

.PEDIGREE, 


Almost  any  kind  of 
varnish  will  probably 
work  —  for  a  while. 

But,  for  the  best  service 
from  your  equipment, 
you  need  a  varnish  formulated 
to  EXACTLY  fit  the  operating  con¬ 
ditions  of  your  product.  There’s  a 
Pedigree  electrical  insulating  var¬ 
nish  that  will  give  you  longer, 
more  dependable  service  in  the 
field  at  lower  cost. 

Write  today  for  the  free  Pedi¬ 
gree  varnish  catalog  —  or  sub¬ 
mit  your  problem 
fo  o  Pedigree 
\  specialist. 


VARNISH 

Ideally  Suited 
to  Your  Job. 


\  7<U  P.  D.  fiEORGE  CO 


5200  N.  SECOND  ST.,  ST.  LOUIS,  MO 


Insulation  Tester 

Model  C-2  “Megohmer”  utilizes  a 
new  spillproof,  lightweight  storage 
battery  as  a  power  supply  for  the 
600  volts  d-c  test  potential  used  in 
making  insulation  resistance  meas¬ 
urements.  A  special  vibrator  trans¬ 
former  circuit  is  built  into  the  in¬ 
strument  to  step  up  the  low  voltage 
to  a  steady  test  potential.  A  wet 
cell  battery  instead  of  dry  cells  is 
used  so  that  the  battery  can  be 
readily  replenished  by  recharging, 
and  for  this  purpose,  a  special 
charging  circuit  is  also  built  into 
the  instrument  to  make  it  feasible 
to  charge  the  battery  either  from 
a.c.  or  d.c.  The  tester  reads  di¬ 
rectly  in  megohms  or  ohms,  has  a 
wide  coverage  and  is  easy  to  read 
and  operate.  There  is  a  guard  cir¬ 
cuit  to  prevent  errors  through  sur¬ 
face  leakage.  Bulletin  No.  445  illus¬ 
trates  and  describes  more  thor¬ 
oughly  this  unit  available  from 
I  Herman  H.  Sticht  Co.,  Inc.,  27 
Park  Place,  New  York,  N.  Y. 


Regulated  Power  Supply 

Model  44  of  this  series  of  regulated 
power  supplies  was  described  in 
April  Electronics.  Model  42-A  ia 
now  also  available.  It  delivers  1.0 
to  1.5  volts,  d.c.,  at  500  milliamps. 
This  unit  is  suitable  as  a  filament 
supply  in  production-testing  of 
equipment  using  battery-type  tubes. 
The  hum  content  is  rated  at  less 
than  2  millivolts. 

A  third  model  (no  model  number 
has  been  announced)  soon  to  be 
available  is  designed  to  deliver  45 
volts  at  40  milliamps.  This  regu¬ 
lated  supply  will  have  approxi¬ 
mately  the  same  size  and  weight  as 
a  standard  “B”  battery. 

Radio-Television  Institute  Inc., 
480  Lexington  Ave.,  New  York  17, 
N.  Y. 

Insulating  Replacement 
of  Fibre  and  Rubber 

Spun  acetate  grommets  are  avail¬ 
able  for  use  in  aircraft,  hydraulic 
controls,  small  motors,  and  other 
applications  where  small  grommets 
I  are  used.  The  grommets  are  made 
j  of  acetate  film  which  is  spirally 
wound  and  laminated  for  strength. 
They  have  high  insulating  prop¬ 
erties  and  are  very  tough.  They 
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first  step  in  making  **KULGRID”  bi-metal  wire  is  insertion  of  copper  rod 
into  Pure  Nickel  tube.  The  two-in-one  wire  has  70%  of  the  conductivity  of  cop- 
per , . ,  is  strong  and  corrosion-resistant,  even  at  high  temperatures. 


MONEL  •  “K”  MONEL  •  “S"  MONEL  •  “R”  MONEL 
“KR”  MONEL  •  INCONEL  •  NICKEL  •  “F’  NICKEL 

Sf>e«t . . .  S  trip  ...  Rod... Tubing. ..Wiru-  .Casting* 


INCO  NICKEL  ALLOYS 


They  wanted 

A  METAL  THAT  DIDN'T  EXIST 


...but  an  ingenious  combination  met  all  requirements 


A  new  metal  was  needed  for  wire  . . . 
with  a  combination  of  properties  not 
fovmd  in  nature. 

It  had  to  have  high  heat  and  elec¬ 
tric  conductivity  plus  strength  and 
resistance  to  oxidation  at  high  tem¬ 
peratures. 

Copper  had  the  required  conduc¬ 
tivity  but  it  couldn’t  stand  the  heat. 

Nickel  had  the  high-temperature 
strength  and  corrosion  resistance  but 
its  conductivity  was  too  low. 

The  answer  was  an  ingenious  com¬ 
bination,  “Kulgrid”,  devised  by  Cal- 
lite  Tungsten  Corp.,  Union  City,  N.  J. 
It  consists  of  a  copper  core,  over 
which  is  firmly  bonded  a  sleeve  of 
strong,  corrosion-resistant  Nickel. 

The  result  is  a  conductor  with  70% 


of  coppers  conductivity  . . .  100%  of 
Nickel’s  resistance  to  oxidation  and 
corrosion.  It  can  stand  up  under  high 
temperatures,  fatigue,  embrittling 
conditions,  and  stresses  four  times 
greater  than  copper  without  breaking. 

One  of  the  Inco  Nickel  Alloys  may 
be  the  answer  to  your  metal  problem. 
Tough,  strong  and  corrosion-resistant 
as  a  family  . . .  and  with  individual 
specialized  properties  .  .  .  they  are 
available  in  practically  any  shapes 
and  sizes  that  may  be  wanted  down  to 

wire,  1/3  the  thickness  of  human  hair 
tubing,  finer  than  a  mosquito's  stinger 
strip,  the  thickness  of  this  paper 

“T  remendousTrifles,”  a  booklet  which 
discusses  the  Inco  Nickel  Alloys  in 
detail  will  be  sent  to  you  on  request. 


THE  CYLINDER  is  a  section 
of  bi-metal  rod...  copper  core 
assd  ssickel  jacket.  It  is  cold- 
drawn  by  Callite  Tungsten 
Corp.,  to  the  .006“  finessess  of 
the  flexible  stranded  wire  il¬ 
lustrated. 


THE  INTERNATIONAL  NICKEL  COMPANY,  INC.,  67  WALL  STREET,  NEW  YORK  5,  N.  Y. 


ASSEMBLIES 
COMPLETE  WITH 

LAMPS: 

We  can  supply  any 
G.E.  or  Westinghouse 
Lamp  together  with 
the  required  Pilot 
Assembly,  thus  sav¬ 
ing  time  in  your  pro¬ 
duction  schedule  .  .  . 
Write  for  samples. 

Illustrated:  lAI  Neon 
Pilot  Light  with  full- 
view  plastic  head.  IB) 
Neon  Pilot  Light  with 
dome  lens.  Lamps  re¬ 
movable  from  front 
of  panel. 


894  BROADWAY.  .  .  ,  NEW  YORK  3,  N  Y. 

Telephone:  Algonquin  4-4770 


W/R£  MARfCERS 


are  light  in  weight,  and  are  resU. 
tant  to  moisture  and  climatic 
conditions. 

Available,  to  specification,  in  all 
wall  lengths  and  diameters  and 
suitable  wall  thicknesses  from  Pre¬ 
cision  Paper  Tube  Co.,  2085  W. 
Charleston  St.,  Chicago  47,  Ill. 


Metal  Coatings  for  Steatite 
Insulator  Surfaces  I 

These  metal  coatings  are  com¬ 
posed  of  a  layer  of  silver  and  an 
electro-copper  plate.  To  give  a 
strong  and  permanent  bond  be¬ 
tween  the  steatite  and  the  metal, 
the  silver  is  fixed  at  a  high  temper¬ 
ature  to  the  surface  of  the  steatite, 
and  the  electro  copper  plate  is  put 
on  top  of  the  silver  to  increase  the 
thickness  of  the  metallic  plate.  This 
combination  provides  a  means  for 
solder-sealing  parts  (over  limited 
temperature  ranges)  to  ceramic. 
The  metallic  surface  also  provides 
a  convenient  method  of  adding 
shields  to  reduce  corona  effect  in 
high  frequency  circuits  used  at 
high  altitudes. 

General  Ceramics  &  Steatite 
Corp.,  Keasbey,  N.  J. 


We  manufacture  a  complete  line  of  Pilot 
Light  Assemblies  for  every  possible  use  in 
Aircraft,  A^rine,  Radio,  Electronic  and 
Electrical  apparatus.  Send  sketch  for 
prompt  estimates  and  suggestions. 


E-Z  CODE  SYSTEM  MARKS  EACH  AND  EVERY  WIRE  QUICKLY 
AND  EASILY -FOR  ASSEMBLIES,  MAINTENANCE  AND  REPAIRS 


Conductive  Coatings 

A  NEW  CERAMIC  TYPE  Composition 
produces  electrically  conductive 
coatings  that  may  be  applied  to  a 
variety  of  non-conductors  such  as 
glass,  plastics,  porcelain,  soapstone, 
wood,  cloth  and  paper.  The  coating 
is  applied  to  non-conducting  base 
materials  by  either  spraying,  dip¬ 
ping  or  brushing.  It  is  then  either 
air  dried  or  baked.  The  ceramic  con¬ 
tains  silver  powder  and  produces  a 
surface  of  low  electrical  resistance 
and  high  conductivity.  Aging,  or 
exposure  to  sulfides  has  slight  effect 
upon  the  conductivity  of  the  coat¬ 
ing. 

A  number  of  coating  materials 
have  been  formulated.  The  differ- 


SIMPLE  AS  A.B.C 


There  is  an  E-Z  Gxle  Wire  Marker  for 
every  circuit.  The  E-Z  Code  system 
speeds  production,  saves  man  hours,  re¬ 
duces  costs.  Of  flexible,  durable,  water¬ 
proof  material.  Ready  to  apply  — no 
moistening  necessary.  In  standard  code 
or  "tailor  made”  in  special  symbols 
and/or  colors  for  speciflc  requirements. 


Used  by  the  biggest  names  in  the  elec¬ 
trical  world.  Send  for  samples  and  price 
list.  Give  priority,  MRO,  war  contract 
number,  End-Use  and  whether  for  as¬ 
sembly  or  maintenance. 

WESTERN  LITHOGRAPH  COMPANY 

too  C.  SKONO  SmCT  •  lOS  ANGELES  S4,  CALIEOCNIA 
lASTEIN  SALES  OEEICES, 

l.l.,N.T. 'Chicago,  IH.'KanMt  C(t)r«AAa.'AAariaN,0. 
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One  of  several  instruments  designed  to  meet  the  requirements  of  our  military  development  program  —  now  made  available  for  general  sale. 
The  Universal  Bridge  permits  measurement  of: 


•  RESISTAl^l'E—  Range; 

Accuracy: 


•  CAPAnTAl\CE— Range: 

Accuracy: 


10“  *  to  101®  ohms. 

1  ohm  to  1  megohm,  within  1/2%,  1 

below  1  ohm  and  from  1  megohm  to  100  megohms  within  1% 
above  100  megohms  the  error  increases  to  5%. 

10~®  to  100  microfarads. 

100  njrf  to  1  nf  within  1/2%, 
other  ranges,  within  2%. 


•  IIMDUCTANPE —  with  no  D.  C.  flowing 

Range:  10"*  to  100  henrys 

Accuracy:  100  juh  to  Ih,  within  1%, 

other  ranges,  within  2%. 

With  superimposed  D.  C. 

Range:  .1  to  100  henrys 
Accuracy:  Within  2% 

FEATURES-  Inductance  of  iron  cored  chokes  and  transformers  can  be  measured  with  up  to  500  m.  a.  of  D.  C.  flowing. 
Facilities  for  measurement  of  frequency,  Q  and  power  factor  are  included  in  the  Bridge. 

The  bridge  contains  a  1  megohm  resistance  decade  in  steps  of  one  ohm  —  this  is  brought  out  to  terminals  so 
that  it  can  be  used  externally. 

Complete  and  self-contained  unit ...  in  addition,  provision  has  been  made  to  plug  in  external  facilities  such 
as  outside  standards,  oscillators,  null  indicators,  etc.,  to  extend  the  usefulness  of  the  bridge. 

Your  inquiry  will  receive  prompt  attention,  as  will  inquiries  concerning  the  application  of  our  engineering  facilities  to  the  solution  of  your 
industrial  control,  inspection  or  instrumentation  problems. 


WIDE  RANGE 
^1%  ACCURACY 
6  DRIRGES  IN  ONE 


*  MEASURES  INDUCTANCE 
WITH  SUPEHIIMPOSER  DC 


tsition 
uctive 
I  to  a 
ch  as 
stone, 
>ating 
base 
r  dip- 
iither 
c  con- 
ices  a 
tance 
S,  or 
effect 
coat- 


;rial8 

iffer- 


s* 


A  NEW 


UNIVERSAL 
BRIDGE 


>NiCS 


S*M^  alto  for  compirte  infornwtioA "on 


n»w  i»n<?  of  KUPMAN  >it>fo«on -j>Kw|  <£tAyS. 


KUliMAN 


35-1  8  37fh  STREET 


LONG  ISLAND  CITY  I,  N.  Y 


ences  depend  upon  the  require. | 
ments,  the  base  material  to  be 
coated  and  the  desired  degree  of 
adherence  and  film  toughness. 
Briefly,  they  include  a  conductive- 
coated  cloth  and  a  flexible  conduc¬ 
tive  film.  Of  these,  Nos.  4182,  4489, 
4503  and  4530  are  in  commercial 
production.  There  is  eiIso  a  thermo¬ 
plastic  conductive  cement  which  is 
available  by  special  arrangement 
Working  samples  of  all  these  ma¬ 
terials  for  evaluation  purposes  can 
be  obtained  from  Ceramic  Products 
Div.,  Electrochemicals  Dept.,  E.  I. 
du  Pont  de  Nemours  &  Co.,  Wil¬ 
mington  98,  Del. 


This  instrument  was  originally  devalopad  (or 
our  own  use  in  testing  the  Relays  which  we 
monufocture.  We  ore  now  moking  it  ovoiloble 
to  other  manufacturers  who  ore  likewise  desir¬ 
ous  of  making  their  products  immune  to  the 
effects  of  vibrotion. 


NO.  1  OF  A  SERIES 
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Coiled  Cords 


*  Simple  harmonic  motion  'with  variable 
^  amplitude.  •  Variable  frequency  from 

20  to  70  C.P.S.  •  Vibrotion  testing  can  be  made  in  any 
direction  through  360*.  •  Capacity  up  to  5  lbs.  •  Vi¬ 
bration  acceleration  is  provided  to  30  G.  plus.  •  Only  75 
watts  are  required  for  maximum  test  conditions.  •  Can 
be  mounted  on  any  bench  without  transmitting  extraneous 
vibration.  •  Variable  frequency  direction  provided.  •  No 
moving  cranks,  gears,  or  bearings  in  the  vibration  system. 


Electrical  equipment  manufac¬ 
turers  may  be  interested  in  a  re¬ 
tractable  electrical  cord  which  can 
be  stretched  to  approximately  seven 
times  its  original  length.  It  is  avail¬ 
able  in  a  variety  of  lengths  from  a 
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)lrector>'  of  Commercial  Labora- 
„nr3.  This  directory  consists  of 
^  pages  and  is  a  guide  to  the  lead- 
g  independent,  testing,  research 
inspection  laboratories  of 
imerica.  It  gives  the  scope  of  ac- 
ivitics  of  these  laboratories  and 
:!^e  advantages  to  be  derived  from 
tilizing  their  services  in  the  solu- 
;:on  of  scientific,  engineering,  test- 
;!:ag  and  inspection  problems.  It 
prepared  by  American  Council 
-yf  Commercial  Laboratories  and 
icnpies  may  be  obtained  from  the 
i“xecutive  Secretary,  A.  J.  Nydick, 
Wall  St.,  New  York  6,  N.  Y. 

O-C  Motors.  Direct-current  motors 
,  I  ranging  in  sizes  from  1/6  to  300  hp 
[Jare  illustrated  and  described  in  a 
12-page  bulletin,  Form  8421.  Cen¬ 
tury  Electric  Co..  1806  Pine  St., 
St  Louis  3,  Mo. 

Fasteners.  Volume  1,  No.  1,  of  a 
publication  called  “Fasteners”  is  a 
new  publication  of  American  In¬ 
stitute  of  Bolt,  Nut,  and  Rivet 
Manufacturers  (1550  Hanna  Bldg., 
Cleveland  15,  Ohio)  which  func¬ 
tions  as  a  clearing  house  for  tech-  | 
nical  problems  in  connection  with 
the  application  and  use  of  headed 
and  threaded  products.  Some  of 
the  articles  contained  in  this  first 
issue  include  “The  Rolled  Screw 
Thread  Process”  by  G.  S.  Case,  The 
Lamson  and  Sessions  Co. ;  ‘‘Ck>ld 
Driving  of  Large  Rivets”  by  W.  E. 
Fowler,  Jr.,  Riveting  Apparatus, 
Inc.;  “How  Tight  Should  a  Bolt 
Be?”  by  J.  0.  Almen,  Research 
Labs.  Div.,  General  Motors  Co. 

Soldering  Torches.  Cat.  152 
Schmidt  soldering  torch  is  an  in¬ 
ternally  gas  fired  soldering  torch 
for  making  electrical  connections 
and  is  described  in  bulletin  13A-152 
along  with  three  other  torch  units 
available  from  National  Electric 
Coil  Co.,  Columbus,  Ohio  and  Blue- 
field.  W.  Va. 

Thermostatic  Bi-Metal.  Bulletin 
No.  155  gives  technical  data  on 
Callifiex  Bi-Metal,  of  various  types 
available  in  either  strip  or  coils  or 
in  special  shapes.  This  is  a  mate¬ 
rial  for  use  as  the  responsive  ele¬ 
ment  in  automatic  temperature  con¬ 
trol.  Callite  Tungsten  Corp.,  540 
39th  St,  Union  City,  N.  J. 


Official  U.  5.  Navy 
Photograph 


CHICAGO  TRANSFORMER 
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"WATER  BUFFALO" 

JOINS  THE  "FLEET"! 

Packing  the  tremendous  fire  power  of  a 
37-mm  cannon  and  two  .50  caliber  ma¬ 
chine  guns  this  new  LVT  (A)-l  Amphib- 
“  _  ious  Tank  has  already  played  a  contrib¬ 
uting  role  hh  successful  invasions. 

Agile  on  land  and  in  water,  this  hard¬ 
hitting  tank  and  all  of  its  equipment, 
must  be  designed  and  constructed  to  meet 
unusual  conditions — do  a  two-fold  job. 

Here  hermetically  sealed  transformers  are 
a  must  on  all  communications  equipment. 
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900  BROADWAY  •  NEW  YORK  3,N.Y. 
Telephone:  ALGONQUIN  4-5180-1-2-3 
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Solderless  Wiring  Devices.  Cata¬ 
log  SD-1  is  a  nicely  edited  and  il- 
lostrated  catalog  (printed  on  coated 
stock)  on  AMP  products  such  as 
solderless  insulation  support  ter¬ 
minals,  standard  and  flag  type  ter¬ 
minals,  connectors,  lighting  con¬ 
tacts,  cable  lugs,  wiring  plugs, 
standard  and  quick  disconnect 
bonding  jumpers,  splicing  termin¬ 
als  and  grid  clips.  Hand  tools,  and 
installation  presses  are  described 
and  illustrated,  and  complete  woric- 
ing  instructions  for  setting  up 
crimping  dies  are  included.  Data, 
specification  and  dimensional 
charts,  and  Army,  Navy  and  com¬ 
mercial  wire  sizes  are  given  for 
each  item  listed.  A  section  is  also 
devoted  to  wire  reference  data. 
This  reference  manual  is  a  72-page 
sectionalized  catalog. 


COMPLETELY  ASSEMBLED  WITH 
G.E.orWESTINGHOUSELAMPS 

•  The  new  Dicdco  plomt  is  geared  for 
redoubled  production  of  high  quality 
Pilot  Light  Assemblies.  Warning  and 
Signal  Lights,  and  Panel  Lights  for 
every  purpose. 

•  ComprisiI^[  over  300  types  of  units, 
the  Dkxlco  line  covers  all  applications 
in  Aircraft,  Marine.  Electronic.  Elec¬ 
trical,  and  Industrial  Apparatus. 


Aircraft- 
Marine  Products,  Inc.,  1591B  North 
4th  St.,  Harrisburgh,  Pa. 


Tube  Substitution  Directory, 
comprehensive 


substitution 
directory,  contains  16  pages  of  more 
than  2,000  suggested  tube  substi¬ 
tutes  for  civilian  radio 


receivers. 
Commercial  Engineering  Section 
Radio  Corp.  of  America,  Harrison, 
N.  J. 


LAMPS... 

'To  help  spewl  production,  Dialco  offers 
Pilot  Lights  completely  assembled  with 
GE.  or  Westinghouee  Lamps — any  type  or 
voltage.  Samj^es  submitted  on  request. 


Centrifugal  Blower  Units.  Many  ' 
different  blower  units  which  may 
be  used  to  cool  tubes  are  described 
in  engineering  data  sheets.  Also 
available  is  literature  describing 
the  motors  used  to  power  the 
blower  units.  The  blower  units 
mentioned  include  Model  J50  and 
Model  J51  centrifugal  types;  J52 
variable  frequency  centrifugal; 
J63  28  volt,  d-c  unit;  Models  J54, 
J55,  J56  midget  centrifugal  J57, 
115  volt,  60  cps;  J58,  115  volt,  400 
cps;  and  J59  a  28  volt,  d-c  unit. 
Literature  is  also  available  on 
Model  L-R,  No.  2,  blower  rated  115 
volts,  400  cps;  as  well  as  Model 
•149  rated  115  volts,  60  cps.  East¬ 
ern  Air  Devices,  Inc.,  585  Dean  St., 
Brooklyn  17,  N.  Y. 


For  gukkmoe,  we  offer  a  copy  of  our  24- 
page  Catalogue,  plus  new  Supplements 
. . .  For  the  inundate  solution  of  sp^al 
problems,  send  or  wire  specifications. 


complete  reply. 
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A  ’'*lf 

HE’S  COMING  HOME  TO 
BETTER  THAN  EVER 


FINE  COMMUNICATIONS  EQUIPMENT 


Plastics  Catalogs.  Three  manufac¬ 
turers  have  published  data  on  plas¬ 
tics,  and  they  are  as  follows : 

1.  “Facts  About  Plastics”,  a  24- 
page  booklet  designed  primarily  for 
non-technical  personnel  interested 
in  obtaining  a  general  knowledge 
of  plastics  and  their  applications 
(and  limitations)  for  present  and 
post-war  uses.  Properties  related 
to  “Insurok”  and  other  plastics  are 
discussed.  Two  main  groupings  of 
plastics,  “Thermosetting”  and 
“Thermoplastic”,  are  described  and 
illustrated.  The  Richardson  Co., 
Dept.  100,  Melrose  Park,  Ill. 

2.  “Hopp  Plastics  Today  and  To¬ 
morrow”  briefly  describes  sheet 
fabrication,  printing,  lamination, 
die  making,  injection  and  extrusion 
molding  done  by  this  company  of 
such  plastics  as  Lumarith,  Vinylite 
and  Ethyl  Cellulose.  Detailed  char¬ 
acteristics  (physical,  thermal,  elec¬ 
trical  and  chemical)  are  given.  The 
Hopp  Press  Inc.,  460  West  84th  St., 
New  York  1,  N.  Y. 

3.  “Facts  About  Plastic  Tubing” 
is  a  new  illustrated  catalog  on  this 
manufacturer’s  fibronized  extruded 
plastic  tubing.  It  contains  a  num¬ 
ber  of  product  data  sheets  describ¬ 
ing  the  characteristics  and  applica¬ 
tions  of  numerous  products  includ¬ 
ing  Irv-O-Lite  types  XTE-30, 
XTE-130  and  Ivi-Flex  extruded 
tubing.  Transflex  transparent  tub¬ 
ing,  and  Hyflex  tubing,  as  well  as 
the  manufacturer’s  plastic  marker 
insulators.  Irvington  Varnish  & 
Insulator  Co.,  Irvington,  N.  J. 
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#  Your  priority  orders  for 
radio-electronic  materials 
get  whirlwind  action  here 
because: 

Dalis  always  has  on  hand 
exceptionally  large  and 
comi^ete  stodcs.  Most  or¬ 
ders  ore  filled  immediately 
from  stock. 

Since  1925,  Dolis  has  q>e- 
dalized  in  the  distribution 
of  radio  materials.  Long-es¬ 
tablished  factory  connec¬ 
tions  assure  deliveries  of 
needed  items  in  quickest 
possible  time. 

Dalis  has  it  —  or  Dalis  can 
get  it.  If  you're  in  a  ter¬ 
rific  rush  for  those  priority 
needs,  just 


w  ekys»  yeen,  K.M.E.  enfineen 
fceve  been  buikiins  ike  finest  equip¬ 
ment  at  the  lowest  possible  cod. 

:  Now,  they  have  stepped  forward 
hi  deiugning  even  b^cr  perfum¬ 
ing  apparatus  than  was  available 
before  the  war.  It  wttt  be  ready  for 
^  you  when  peace  comes  again. 
[Stai^  by  for  new,  better,  higher 
[quality  radio  equipment  in  ”post- 
Lwar”R.M.E. 


Frequency  Measurements.  The 
purpose  of  this  particular  article 
“H.F  Frequency  Measurements” 
(Part  1),  as  contained  in  the  April 
issue  of  The  Aerovox  Research 
Worker  is  to  review,  from  an  aca¬ 
demic  standpoint,  the  several  meth¬ 
ods  of  frequency  measurement  es¬ 
pecially  applicable  to  the  region  be¬ 
tween  30  Me  and  30,000  Me,  to 
explain  how  the  utility  of  existing 
lower  -  frequency  standard  -  signal 
equipment  may  be  extended  to  per¬ 
mit  extremely  high  frequency  meas¬ 
urements,  and  to  describe  several 
special  systems  and  devices  which 
are  specifically  for  use  in  the  region 
80-30,000  Me.  Issues  of  the  Re¬ 
search  Worker  are  published  by  the 
Engineering  Department  of  Aero¬ 
vox  Corp.,  New  Bedford,  Mass. 


R.M,E,— Since  J935» 
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gelds  which  may  be  expected  to  ex¬ 
pand  when  the  war  ends.  Elach 
leaflet  covers  the  nature  of  the 
work,  abilities  and  training  re¬ 
quired,  methods  of  entrance  and  ad¬ 
vancement,  geographical  distribu¬ 
tion  of  employment,  postwar  pros¬ 
pects,  and  other  advantages  and 
disadvantages.  The  booklet  is  by 
John  E.  Crawford  of  The  Radio 
Corporation  of  America  and  For¬ 
rest  H.  Kirkpatrick  of  Bethany 
College.  It  is  distributed  by  Occu¬ 
pational  Index,  Inc.,  New  York 
University,  Washington  Square, 
New  York  3,  N.  Y.  for  a  remittance 
of  26  cents. 


Mercurial  Thermostats.  Bulletin 
No.  344  contains  specifications 
(and  illustrations)  for  tempera¬ 
ture  controls  used  for  checking 
electrical  characteristics  of  com¬ 
pleted  test  equipment.  Bender  Sci¬ 
entific  Glass,  Inc.,  2529  North 
Carlisle  St.,  Philadelphia  32,  Pa. 


Check-Chart.  The  chart  illustrates 
Decal  nameplates  and  describes  ap¬ 
plication  methods,  types  and  uses,  as 
well  as  special  features  (such  as  re¬ 
tention  and  shut-off  fluorescent, 
non-specular,  mar-proof  and  elas- 
ticized  nameplates).  It  shows  how 
to  select  and  specify  the  right  name 
plate  for  16  different  types  of  sur¬ 
faces.  A  check-list  is  given  of  26 
wartime  uses  for  name  plates  now 
used  on  different  types  of  combat 
equipment  Copies  of  *‘Decal  Check- 
(Thart*’  may  be  had  from  The  Mey- 
ercord  Co.,  Dept  RT,  5323  W.  Lake 
St,  Chicago  44,  Ill. 


Development  and  Usee  of  Dry  Bat¬ 
teries.  This  48-page  booklet  is 
titled  “The  Inside  Story  of  Dry 
Batteries:  A  Guide  for  Students** 
and  is  intended  to  give  the  reader 
the  background  of  dry  batteries 
from  the  time  of  Alessandro 


WILEY  BOOKS  IN 

communicahons-electronics 


Pott-war  plans  in  your  fiald  ara  baing  mada  now.  Now  is  Hia  tima,  tban,  to 
stop  up  your  knowladga.  Ba  raady  for  naw  dutias.  Look  ovar  ffca  important 
titlas  listad  balow.  Maka  your  salaetion  and  ordar  from  tha  coupon  today. 


HOW  TO  PASS  RADIO  LICENSE 
EXAMINATIONS 

By  Charles  E.  Drew 

320  Pages  |3.00 

Newly  reviaaS  and  luoi^ht  up  to  date,  this 
wdl-known  book,  in  questiaa-and-answer  form, 
oncrs  much  helpful  nuteriAl  to  viuiteur  radio 
operators,  radiotdephone  and  telecraph  operators, 
whether  interested  in  broadcasting,  marine,  aero- 
nautical,  or  any  other  field  of  radio  transmission 
and  reception.  Second  Edition. 

RADIO  RECEIVER  DESIGN— I 

By  K.  R.  Sturley 

435  Pages  |4.50 

Comuiunicadons  engineers  will  want  to  own 
this  book,  which  covers  radio  frequency  amplifi- 
«tion  and  d^ection.  A  detailed  study,  stage 
by  stage,  beginning  with  the  aerial  and  going 
as  far  as  the  detector. 

TIME  BASES— Scanning  Genera¬ 
tors 

By  O.  5.  Puckle 

204  Pages  $2.75 

CoYcrs  the  tubje^  from  the  design  and 
the  d^elopment  points  of  view;  assembles  more 
time  bases  circuits  than  have  heretofore  been 
available  in  one  volume. 

THE  TECHNIQUE  OF  RADIO 
DESIGN 

By  E.  E.  Zepler 

312  Pages  $3.50 

Deals  with  the  day-to-day  problems  of  the 
radio  engineer,  both  in  the  development  and  in 
the  testing  of  radio  receiving  apparatus  of  all 
typea.  Thoroughly  practicaL 

PRINCIPLES  OP  RADIO 

By  Keith  Hetmey 

549  Pages  $3.50 

A  complete  and  authoritative  presentation  of 

radio,  in  its  fundamentals  as  well  aa  ita  recent 

developmenta.  Partial  list  of  contents  includes: 
OIra  s  Law;  Inductance;  Capacitance;  Cir¬ 
cuits;  Coils;  the  Vacuum  Tube;  .\mplifiers; 
Rectifiers;  Oscillators;  Television;  etc.  Pro¬ 
fusely  illustrated.  Fourth  Edition. 

COMMUNICATION  CIRCUITS 

By  L.  A.  Ware  and  H.  R.  Reed 
330  Pages  $3.50 

An  expansiou  of  an  eminently  succcaafnl  book 
to  indnde  new  material  on  physical  aspects  of 
wave  guide  transmisaiou,  impedance  matching, 
solution  of  circuits,  and  the  theory  of  rectangular 
and  cylindrical  wave  guides.  Second  Edition. 


HYPER  AND  ULTRA-HIGH  FRE¬ 
QUENCY  ENGINEERING 

By  Robert  I.  Sarbacber  amd  W illiam  A.  Edsom 
644  Pag^  $5.50 

A  practiedi  treatment  of  u  important  new 
branch  of  communications  cngineeriM,  requiriiig 
no  special  advanc«l  knowledge.  Of  value  to 
the  teginner,  as  well  as  those  having  some 
familiarity  ^  subject. 

CATHODE  RAY  PATTERNS 

By  Merwyn  Bly 

30  Pages  $1.50 

Important  for  technicians  and  laboratory  work¬ 
ers.  This  book  summarizes  briefly  by  means 
of  sketches  and  captions  the  cathode-ray  Mttera 
types  encountered  in  the  usual  course  of  labora¬ 
tory  and  test  bench  work. 


RADIO  EXPERIMENTS 

'By  Robert  C.  Higgy 
96  Pages  $1.50 

Thirty-two  basic  experiments  in  electrWty,  el^ 
ironies  and  radio,  with  a  full  explanation  of  the 
principles  involved  ss  well  as  labwatory  pro- 
c^ure.  * 

BASIC  ELECTRICITY  FOR  COM¬ 
MUNICATIONS 

By  William  H.  Timbie 
603  Pages  ♦i-’O 

A  simple,  clear  presentation  of  the  fundaments 
of  dectrtdty  and  their  applicatiop  in  w  pr» 
lems  of  communicatioos  and  radio.  Tm  nm 
twelve  chapters  illustrate  the  principle  by 
simple  appliMtion  to  communiculioiis  appuancea. 
The  remainder  of  the  book  covers  the  appliances 
and  their  operation. 


SHORT-WAVE  WIRELESS  COM¬ 
MUNICATION 


By  A.  W.  Ladner  and  C.  R.  Stoner 
573  Pages  16.00 

A  book  of  inestimable  value  in  this  Add  as  h 
contains  the  Istest  facts  and  theory  (aa  far 
aa  they  may  be  rdeaaed  now)  w  the  many 
leading  Americafl,  Engliah  and  European  dfr 
vdopmenu  taking  place  in  aht^-wave  w 
ultra-ahort-wave  work.  180  new  diagrams,  pli» 
illustrations  and  calculations,  supplement  the  teat. 
Fourth  Edition. 


Volta’s  discovery  of  the  electro¬ 
chemical  principle,  in  1798,  to  the 
units  of  t^ay.  The  booklet  is  used 
by  government  training  centers, 
u  well  ae  other  educational  insti¬ 
tutions,  and  since  issues  are  lim¬ 
ited  only  one  copy  can  be  sent  to 
each  applicant  National  Carbon 
Co.,  80  East  42nd  St,  New  York 
17,  N,  Y. 


- - ON  APPROVAL  COUPON - - - 

JOHN  WILEY  a  SONS.  INC.  ' 

440  Fourth  Avonuo,  Name . 

Now  York  16.  N.  Y. 

Please  send  me  on  ten  days’  approval  Address . 

the  books  I  have  checked  in  tins  ad- 
ve^sement  (or  I  am  attaching  fo 

this  coupon  a  separate  list  of  the  City  and  State . 

hooka  desired).  At  the  end  of  that 
time,  if  I  decide  to  kem  the  hooka, 

I  win  remit  indicated  price  plus  poet-  Employed  By . 

age:  otherwise  I  will  return  the  books  c  «  4* 

postpaid. 
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Airport  Traffic  Control.  A  booklet 
called  “Highways  of  the  Air”  is  a 
non-technical  piece  of  literature 
with  diagrams  and  illustrations. 
It  tells  about  radio’s  contribution 
to  the  safety  of  human  life  in  air 
transport,  and  it  outlines  the  func¬ 
tion  of  the  manufacturer’s  equip¬ 
ment  (radio  ranges  and  markers). 
The  booklet  tells  what  a  “beam” 
is,  how  it  is  generated,  and  how  it 
is  sent  to  the  pilot  for  his  guid¬ 
ance.  Also  discussed  are  the  air 
traffic  control  systems  of  La- 
Guardia  Airport,  the  National  Air¬ 
port,  and  other  air  terminals. 
Radio  Receptor  Co.  Inc.,  251  West 
19th  St.,  New  York  11,  N.  Y. 


leaflet 

work, 

quire< 

vance 

tion  < 

pects, 

disad 

John 

Ck)rp< 

rest 

CoUei 

patio 

Univ( 

New 

of  26 


ExiensiTe  research  and  manuiocturing 
development  has  been  put  back  of  the 
various  G.  A.  W.  Carbonyl  Iron  Powders 
— iised  by  leading  core  manufacturers. 
Powders  with  different  characteristics 
are  available  for  specific  radio-elec¬ 
tronic  applications. 

Writ9  for  samples  and 
furtber  information. 


Aluminum  Notebook.  Twelve  eco¬ 
nomic  advantages  of  aluminum  are 
profusely  illustrated  and  described 
in  a  booklet  called 
Imagineering  Notel 
twelve  advantages  mentioned  in¬ 
clude:  light  weight;  high  resis¬ 
tance  to  corrosion ;  high  electrical 
conductivity ;  high  conductivity 
for  heat;  high  reflectivity  for 
light  and  radiant  heat;  workabil¬ 
ity;  non-toxicity;  strength  in  al¬ 
loys;  non-sparking;  non-magnetic; 
appearance  and  high  scrap  and  re¬ 
use  value.  Aluminum  Company  of 
America,  Pittsburgh,  Pa. 


'Aluminum 
)k.”  The 


GENERAL  ANILINE  WORKS 

A  divtsloa  of 

General  Aniline  and  Film  Corporation 

435  Hadsoa  St.,  New  York.  N.  Y. 


Moaalactwrars  oad  Sola  Dlstribafers 


DO  YOU  NEED 


Small  Stampings 
Special  Terminals 
Soldering  Lugs 
Precision  Washers 

up  to  O.  D. 


Hard  Rubber  Products.  A  4-page 
folder  designated  as  Catalog  Sec¬ 
tion  9406  gives  fairly  complete  data 
on  the  use  of  hard  rubber  parts 
which  may  be  used  in  radio,  electri¬ 
cal  and  X-ray  equipment.  Sections 
are  devoted  to  the  qualities,  types 
of  products,  and  suggestions  for 
machining  these  hard  rubber  prod¬ 
ucts.  Standard  grades  (B.  F.  Good¬ 
rich,  Defiance,  Albonite)  and  spe- 
described.  Also 


(Thai 

erco 


cial  grades 
listed  are  the  important  properties 
of  these  three  standard  grades.  The 
folder  also  contains  the  approxi¬ 
mate  weights  of  sheet,  rod  or  tub¬ 
ing.  The  B.  F,  Goodrich  Co.,  Akron, 
Ohio. 


Manufactured  to  Your  Speciti cations 


Large  Tool  Room  Facilities 
plus  20  Years  Experience  insure 

HIGH  GRADE  STAMPINGS 
.QUICK  DELIVERIES 

on  Medium  and  Large  Quantities 


Postwar  Jobs  In  Electronics.  Stu 
dents,  teachers, 


counselors  and 
others  may  be  interested  in  a  six- 
page  folder  on  “Occupations  in 
Electronics’’,  one  of  a  new  series  ol 


Us  Quote  on  Your  Rtquinmnnfs 


DIEBEL  DIE  &  MFG.  CO. 

3658  N.  Lincoln  Ave.,  Chicago  13,  III.  Pboa*  WELiiegtoa  4202 
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Janette  ItlamUaduung  Compamf 

556*558  lU  Itloncae  Si.  CKlca^,  III. 
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humidity  was  in  excess  of  50  per¬ 
cent. 
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neering  staff  at  the  Westinghouse 
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fully  acknowledged,  as  are  the 
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tion  of  Mr.  D.  G.  Little  and  others 
of  the  Westinghouse  Radio 
Division. 
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By  JANETTE 


Wherever  there  ore  ships,  you  will  find  Jonette  converter*. 
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AUTOMATIC  MACHINES  pro¬ 
duce  in  one  day  S,S00  glass  jewelt, 
substituted  for  the  sapphire  jewels 
formerly  obtained  from  Switzer¬ 
land. 
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AIRPLANE 

TOOLS 

KEEP  THEM 
FIT  TO  FIGHT 

In  mortal  combat  or 
civilian  flying  ...... 

success  in. the  skies  depends  on 
the  last  minute  inspection  be¬ 
fore  taking  oif . 

WALDEN  WORCESTER 
k  TOOLS 

are  designed  to  quickly  reach 
inaccessible  bolts,  nuts 
and  screws  —  special 
tools  to  order  see 
your 


WORCESTER,  MASSACHUSETTS 


Jap  Radio 
Equipment 
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tion  7.0  percent  total  harmonic  dis¬ 
tortion  was  observed.  These  values 
are  considered  to  be  satisfactory 
for  the  service  intended. 


GcMral  ObservatioM 

One  of  the  features  in  the  design 
and  operation  of  the  Japanese 
equipment  is  that  of  employing 
quartz  crystals  to  control  the  re¬ 
ceiver  beat-frequency.  The  trans-  i 
mitter  employs  two  crystal  spot 
frequencies  and  the  receiver  also 
employs  two  crystal  spot  frequen¬ 
cies,  the  frequency  of  the  receiver 
crystals  differing  from  that  of  the 
transmitter  crystals  by  the  fre¬ 
quency  of  the  receiver  i-f  amplifier. 
The  crystals  are  mounted  in  a 
Bakelite  housing  which  slides  into 
clip  contacts,  and  when  seated  in 
place,  this  holder  actuates  a  switch 
which  reverts  the  master  oscillator 
from  self-oscillator  condition  to 
that  of  crystal  control  at  the  fre-  I 
quency  of  the  respective  crystals,  i 
The  same  system  is  used  for  the  | 
beat  oscillator  in  the  receiver. 

Another  feature  that  is  interest¬ 
ing  is  the  use  of  small  neon  lamps 
connected  across  the  high-potential 
side  of  the  transmitter  tuned  cir¬ 
cuits,  used  as  tuning  indicators  in 
place  of  meters.  This,  of  course, 
means  a  saving  in  cost  and  a  con¬ 
siderable  saving  in  space  on  the 
front  panel.  It  does  not,  however, 
give  the  operator  any  indication  as 
to  the  condition  of  the  tubes  in  any 
of  the  tuned  circuits,  but  it  does  in¬ 
dicate  that  all  circuits  are  working 
satisfactorily  provided  the  voltage 
breakdown  and  the  neon  lamps  are 
adjusted  for  the  proper  working 
voltage  for  each  amplifier  stage. 

The  output  tuning  of  the  trans¬ 
mitter  is  accomplished  by  means  of 
Bakelite  variometers  wound  with 
enameled-copper  wire.  These  ap¬ 
pear  to  have  been  made  in  Germany 
and  appear  satisfactory  for  limited 
power  and  limited-frequency  range 
equipment. 

There  is  no  indication  of  the  use 
of  remote  control.  Tuning  and 
changing  frequency  of  the  equip¬ 
ment  must  be  accomplished  from  the 
front  panel,  the  only  remote  opera- 
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Do  your  poit-war  production 
plana  call  for  gome  electronic 
device  or  guh-agaembly  in  quan¬ 
tity?  Perhaps  tve  can  apply  our 
broad  experience  in  the  devel¬ 
opment  and  manufacture  of 
electronic  controls  and  equip¬ 
ment  to  your  problems.  Your 
inquiry  will  put  you  under  no 
obligation. 


Dimensions  of  less  them  twomUnonths 
of  an  inch  are  measured  by  this  ga^e 
made  by  Sheffield  Corp.  It  will  rareol 
the  degree  of  expansion  of  a  piece  of 
metal  when  warmed  by  a  humcm  bond 
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tions  being  the  starting  luid  stop¬ 
ping  of  the  dynamotors  and  the 
keying  of  the  transmitter. 

It  is  noticed  that  the  output-  in¬ 
dicating  meter  was  shunted  with  a 
removable  shunt,  which  would  in¬ 
dicate  the  Japanese  have  one  stand¬ 
ard  type  output  meter. 

Several  familiar  ceramic  tube 
sockets  are  used,  along  with  old 
American  selector  switches,  control 
knobs,  variable  rheostats,  etc.  In 
general,  one  gets  the  impression 
Arhen  inspecting  this  equipment  that 
the  Japanese,  possibly  during  the 
period  1928-1930,  bought  out  sev¬ 
eral  bankrupt  broadcast  receiver 
manufacturers’  stocks  and  used 
this  stock  as  the  component  parts 
for  aircraft  communication  equip¬ 
ment  Practically  all  the  operating 
relays  are  direct  copies  of  standard 
domestic  relays. 

The  Japanese  are  using  rubber 
for  power  cables.  These  cables  are 
all  of  American  manufacture  and 
all  are  dated  1940. 

It  is  noticed  in  the  Japanese 
equipment  that  practically  all  fixed 
resistors  are  of  German  make. 

The  Japanese  make  no  use  of 
plastics  or  die  castings,  the  equip¬ 
ment  being  frame-constructed  with 
all  component  parts  mounted  by 
means  of  screws  and  nuts  and  se¬ 
cured  in  various  places  to  support 
members  of  the  frame.  German 

•  •  • 
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ELECTRIC 
SOLDERING  ; 
IRONS 

EMBODY  those  feotures 
that  specialized  ex¬ 
perience,  dating  from 
1894,  has  demonstrat-  | 
ed  to  be  desirable  for  I 
efficient  and  lasting  ' 
service.  That  is  why  i 
they  are  preferred  by 
those  who  measure  the 
value  of  a  tool  or  me¬ 
chanical  device  by  the 
service  it  renders. 


TEMPERATURE 

REGULATING 

STAND 

This  Is  a  thermostatically  con* 
trolled  device  for  the  reg¬ 
ulation  of  the  temperature 
of  on  electric  soldering  iron. 
When  placed  on  and  con¬ 
nected  to  thb  stand,  iron 
may  be  maintained  at  worii- 
ing  temperature  or  **^rough 
adjustment  on  bottom  of 
stand  at  low  or  worm 
temperatures. 
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equipment  ie  practically  the  oppo- 
•ite  in  construction,  as  the  Germans 
make  extensive  use  of  die-castings, 
moldings  and  stampings,  and  there 
if  very  little  machine  work  done  in 
the  construction  of  German  equip¬ 
ment  other  than  the  mounting  of 
the  component  parts. 

There  is  no  indication  on  any  of 
the  Japanese  equipment  of  use  of 
shock-mountings,  the  old  style 
“Bongee”  cord  suspension  being 
used. 

The  transmitter  power  input  re¬ 
quirements  are  considered  exces- 
five  for  the  power  output  available, 
especially  for  voice  operation,  even 
wW  considering  that  the  eflkiency 
of  the  output  tubes  is  lower  than  if 
the  tubes  were  operating  at  their 
proper  rates. 

The  operation  of  the  transmitter 
and  the  receiver  for  voice  operation 
is  considered  unsatisfactory,  and  it 
is  thought  that  the  units  must  have 
been  designed  primarily  for  cw 
operation. 

The  total  power  input,  estimated 
on  the  basis  of  60  percent  dynamo- 
tor  efficiency,  is  881  watts  for  cw 
and  811  watts  for  voice-operation, 
yielding  outputs  of  26.6  and  9.2 
watts  respectively.  This  represents 
an  estimated  overall  efficiency  of  7 
percent  cw,  8  percent  voice.  These 
values  are  considered  comparatively 
low  for  this  t3rpe  equipment.  The 
average  American  equipment  of  the 
same  power  output  would  approxi¬ 
mate  an  overall  efficiency  of  from 
7  to  12  percent 

In  conclusion,  it  can  be  stated 
that  the  Japanese  equipment  com¬ 
pares  unfavorably  with  present 
American  naval  aircraft  communi¬ 
cation  equipment  covering  the 
same  frequency  range  and  approxi¬ 
mately  the  same  size  and  weight 


PERFORMANCE 


CRYSTALS 


X-RAY  ORIENTATION 


determination  of  the  axes  of  the  crys- 

tal  before  cutting — is  your  guarantee  of  con- 

stant  frequency  and  high  activity  from  every  C.T.C. 

Crystal.  For  Crystals  you  can  count  on,  get  in  touch  with 
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DC  and  AC  WELDERS 
TRANSFORMERS  •  MAGNETIC 
CLAMRS  •  SOLENOIDS  •  RIVH 
HEATERS  •  SPOT  WELDERS  • 
FLUORESCENT  RALLASTS 
SPECIAL  CONTROLS 


POWER  COMPANIES  have  found 
that  defective  distribution  trans¬ 
former  tanks  can  be  fitted  with 
Hipersil  cores  and  new  windings 
and,  because  of  the  difference  in 
thickness  between  hot-rolled  silicon 
steel  and  Hipersil,  provide  a  7h-kva 
transformer  in  a  5-kva  tank. 
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Automatic 

Calibrator 


(Continued  from  page  107) 

by  established  photographic  con¬ 
cerns,  or  requiring  that  the  radio 
firm  manufacturing  the  frequency 
meter  go  into  the  photographic 
business. 
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Recording  System  Used 

To  overcome  these  objections, 
it  was  decided  to  use  an  adding 
machine  as  the  printer  by  provid¬ 
ing  a  means  of  setting  up  the  dial 
reading  of  the  calibration  point  on 
the  keyboard. 

The  complete  recording  system 
is  shown  in  the  block  diagram  in 
Fig.  13.  The  frequency  meter  dial 
is  mechanically  coupled  through  a 
gear  drive  of  suitable  ratio  to  an 
electrical  revolution  counter.  This 
counter  (see  Fig.  14)  consists  of 
6  decks  of  lO-point  selector 
switches,  each  deck  being  geared 
to  its  adjacent  deck  by  a  10:1  inter¬ 
mittent  stepdown  so  that  every 
time  the  “tenths”  rotor  rotates  be¬ 
tween  9  and  0,  a  gear  link  advances 
the  “units"  rotor  by  one  stator 
segment.  Every  time  the  “units” 
rotor  passes  between  9  and  0  an¬ 
other  gear  link  advances  the  “tens” 
rotor  by  one  segment,  etc. 

The  stator  contacts  selected  by 
the  rotors  at  any  given  instant, 
therefore  correspond  to  the  numeri¬ 
cal  dial  reading  at  that  instant.  If, 
at  the  particular  instant  at  which 
a  reading  is  to  be  taken,  the 
“tenths”  rotor  happens  to  be  be¬ 
tween  contacts,  then  the  next 
point  to  be  contacted  will  be 
recorded. 

For  this  reason  and  because  of 
the  practical  impossibility  of  ad¬ 
justing  the  “tenths”  rotor  so  that 
it  will  break  contact  with  the  “9” 
point  exactly  simultaneously  with 
the  breaking  of  the  rotor  contact 
in  the  units  section,  a  “discon¬ 
nect”  section  is  added.  The  rotor 
of  this  section  is  directly  coupled 
mechanically  to  the  “tenths”  rotor, 
and  the  stator  segment  is  so  ar¬ 
ranged  that  the  rotor  and  stator 
are  in  contact  throughout  approxi¬ 
mately  330  deg  of  rotation.  The 
remaining  30  deg  is  a  little  greater 
than  the  angle  throughout  which 
the  “tenths”  rotor  is  not  in  contact 
with  either  the  “9”  stator  contact 


BOOTS  SELF-LOCKING  RADIO  ANCHOR  NUT  SIZE  NO.  6 
specially  designed  for  Radio  and  Electronic  products 

I  Another  Boots  development — a  modern  all- 
metal  fastening  with  built-in  locking  device. 

This  Boots  Radio  Anchor  Nut  offers  outstand¬ 
ing  advantages: 

1.  Unusually  small  in  size,  with  a  thin  base- 
permits  compact  proportions  and  good  lines 

,  on  a  product. 

2.  Will  not  turn. 

3.  Can  be  applied  more  easily  than  a  clinch  nut. 

4.  Since  no  punch  is  needed  for  clinching,  threads 
“I  i  are  never  distorted.' 

5.  Permits  flush  surface  on  opposite  side  with- 
•  oat  chamfering. 
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J  I  1.  Amperites  battery 

voltage  fluctuation  from 
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humidity. 

3.  Compact  .  .  .  . 

inexpensive. 

I  Army,  Navy, 

DELAY  RELAYS:  For  delays  from  1  to  100  seconds. 

Hermetically  sealed.  Unaffected  by  altitude. . . .  Send  for  catalogue  sheet. 

NEW!  4-page  folder  will  help  you  solve  Current  and  Voltage  Problems; 
4  contains  much  valuable  data  in  practical  form  —  Write  for  your  copy  now. 
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or  the  “0”.  Electrically  this  “dis¬ 
connect”  section  is  in  series  with 
the  voltage  supplied  to  the  remain¬ 
ing  rotor  sections,  so  that  the 
switch  is  rendered  electrically  in¬ 
operative  during  the  mechanical 
throw-over  period. 

Each  stator  contact  of  the  revo¬ 
lution  counter  is  connected  to  the 
starter  anode  of  a  cold-cathode  gas 
discharge  tube  (OA4G)  as  in  Fig. 
15,  which  shows' the  schematic  of 
one  column  of  the  number  storage 
bank.  The  circuit  is  so  arranged 
that  when  switch  S  is  open',  all  | 
voltages  are  removed  from  the 
tubes,  leaving  them  de-ioriized.^ 

When  the  reading  on  the  coun¬ 
ter  is  to  be  recorded,  switch  S 
(which  is  actually  a  thyratron 
ionized  by  the' pulse  from  the  zero 
beat,  ^lector)  is  closed,  supplying 
185' volts  "to  the  anodes  of  all  the 
tubes.  Resistors  R4  and  R5  sup¬ 
ply  approximately  lOO  volts  to  the 
starter  anode  of  the  first  tube  to  be 
selected  by  ths  rotor  of  the  coun¬ 
ter  switch. 

Under  these  conditions,  the  tube 
selected  will  ionize  and  reduce  its 
anode-cathode  potential  to  70 
volts.  Since  R1=R0,  57.5  volts 
will  appear  across  RO  and  will  act 
as  a  positive  bias  on  the  cathodes 
and  starter  anodes  of  the  remain- 


MASK  MICROPHONE 


FU«n  of  th«  Royal  Canadian  Air  Fore* 
woor  this  comUnertion  oxyqon  mask 
and  mlcrophofl*  lor  higb-oltitudo  fly¬ 
ing.  Concomod  about  "washouts"  dus 
to  faulty  spooch.  RCAF  asked  Bell  Tele¬ 
phone  Lobs  to  instruct  personnel  In 
clear  enunciation 


For  High  Current 

DC  Application 


■  Contact  Resistance 
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*  Features  1  and  2  result  in  the 
ability  of  this  material  to  interrupt 
high  currents  without  sticking  and 
also  to  carry  high  currents  without 
overheating.  Features  3,  4  and  5 


result  in  long  life  and  trouble- 
free  operation  on  applications 
involving  the  frequent  making 
and  breaking  of  d.  c.>  ekcciuits. 
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24p000  FEET  OF  WIRE 


on  this  machine 

The  great  forward  step  in  wire  marking 
achieved  by  this  machine  is  so  revolu¬ 
tionary  that  the  facts  need  no  embellish¬ 
ment. 

prints  up  to  four  wires  simultaneously  at 
a  speed  of  6,000  feet  per  hour  per  wire 
adjustable  to  diameters  from  §22  to 
yr  (larger  with  special  wheels) 

imprints  on  6'  —  3'  —  2"  centers  without 
w  changing  speed  of  wire  travel 
^y  fed  continuously  or  operator  may  feed 
w  lengths  as  short  as  2' 

.  y  rapid  drying  King  Markwell  Inks  make 
w  clean,  durable  imprint  on  the  wire  finish 
or  on  Vinylite  or  Koroseal  coverings 

Thtse  are  the  main  features  —  write  for  Model  FW 
Bulletin  for  the  rest  of  the  story.  If  interested  in  two 
side  markiny  ask  also  for 

Model  PW2  Bulletin.  _  ^  * 
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GEnEBaTOB  beat  frequency  generator 


Q»  CHECKER  FREQ-EN'^  vODJLaT{[:  SIQnai 

AND  OTHER  DIRECT  PEaD-nQ  TEST  ' n ST R omENTS 


ing  tubes.  Further  rotation  of  the 
counter  switch  rotor  will  then  sup¬ 
ply  an  effective  starter  anode-to- 
cathode  voltage  of  only  42.5  volts 
to  any  subsequent  tubes  selected, 
and  this  value  is  insufficient  to 
ionize  any  of  them. 

After  S  is  closed,  the  first  tube 
to  be  contacted  by  the  counter 
switch  becomes  ionized  and  will 
remain  ionized  until  switch  S  is 
opened.  (This  "opening”  will 
actually  be  a  deionization  of  the 
thyratron  being  employed  for  S, 
after  storage  of  the  number  is  no 
longer  required) . 

Thus  the  number  storage  bank 
constitutes  an  electrical  means  of 
storing  the  dial  reading  of  the  fre¬ 
quency  meter  at  any  calibration 
point  for  any  desired  length  of 
time.  This  reading  is  transferred 
from  the  storage  bank  to  the  key¬ 
board  of  an  adding  machine  by 
having  the  plate  current  of  each 
ionized  OA4G  tube  operate  a  relay 
(coil  represented  by  ^  in  Fig.  16) 
which  in  turn  operates  a  corre¬ 
sponding  solenoid  that  presses  the 
proper  number  key  of  the  adding 
machine.  A  view. of  the  adding 
machine  and  solenoids  with  cover 
off  is  shown  in  Fig.  16,  and  the 
entire  number  storage  banlc  with 
the  front  door  open  is  shown  in 
Fig.  17. 


CHECKER 

A  dependable 

TEST  AND  MEASURING  INSTRUMENT 


The  factory  counterpart  of  the  Q-Meter.  Ckmi- 
pares  fundamental  characteristics  of  inductance  or 
capacitance  and  Q  under  production  line  condi¬ 
tions  with  a  high  degree  of  accuracy,  yet  quickly 
and'  simply.  Insures  uniform  parts  held  within 
close  tolerances.  Frequency  range  100  kc.  to  25  me. 


SaqMSBC*  of  Priatiag  Oporotiooi 

After  the  dial  reading  of  the 
calibration  point  is  set  up  on  the 
adding  machine,  it  is  required  that 
the  reading  be  printed  and  that  the 
difference  between  adjacent  read¬ 
ings  also  be  tabulated.  This  ne¬ 
cessitates  the  following  sequence 
of  operations : 

(a)  Press  the  “non-print”  but- 


(b)  Press  the  button  if  the 
frequency  meter  dial  is  re¬ 
volving  to  increasing  num¬ 
bers. 

(c)  After  the  machine  starts 

running,  release  all  pres¬ 
sure. 

(d)  When  the  machine  comes  to 

rest,  press  the  total  button. 

(e)  After  the  machine  starts 

running,  release  the  pres¬ 
sure.  (During  the  ensuing 
cycle  of  the  machine,  the  dif¬ 
ference  between  the  present 
calibration  point  and  the 


Use  MacRae's — ^Ehe  nation's  guide  for  im¬ 
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sult  your  agency  or  write  Dept.  G. 
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E.  Tanalnal  apada.  aatdatao  dlraaUy 
to  tlia  ala  aaaaaiMy 

F.  Bakallta  hoWar  far  ala  ataaniMy 
8.  Tanalaal  taada  aaltfarad  diraatly 

ta  tka  tball 

H.  BakalHa  (Vk*)  •aaear  rfaa 

IRILLIANT  VISIRILITY 
AND  EASY  REMOVAL 

The  T-3  ILC  Ians  is  iciantiflcaMy 
,  datignad  to  giva  brilliant  visibil¬ 
ity  from  all  aaglas,  ragardlass  of 
panal  Hiicknats.  Tba  Ians  is  sand* 
blastad  on  intarior  surfaca  and  to 
daaply  cuppad  ttiat  tha  T-3>4"  lamp 
'  bulb  aitands  bayond  matal  rim.  No 
tool  naadad  to  ramova  bulb,  as  it 
aitands  %"  bayond  surfaca  of  lip. 
iTta  T-3  BLC  nnh  h  for  s/og/a-Aala 
^  Ipaaa/  mounflng.  f3%*’  Dlimntor) 
Wrlfm  for  cerfofogua 
DisfHbutad  NoNanolly  Ry 
MATIAR  lUCTRIC 
COMPANY 


THE  H.  R.  KIRKLAND  CO. 

!  MORRISTOWN,  N.  J. 


p  r  e  V  io  u  s  one  will  be 
printed.) 

(f)  When  the  machine  comes  to 
rest,  again  press  the  “num¬ 
ber  keys,  as  still  determined 
by  the  number  storage 
bank. 

(g)  Press  the  ”  button. 

(h)  When  the  machine  starts 
running,  open  switch  5  of 
Fig.  15  by  deionizing  the 
thyratron  used  as  S,  there¬ 
by  deionizing  the  cold-ca¬ 
thode  tubes  of  the  number 
storage  bank  so  as  to  pre¬ 
pare  it  for  a  new  calibration 
point;  also  remove  pressure 
from  all  keys.  (During  this 
cycle  of  the  adding  machine, 
the  dial  reading  of  the  cali¬ 
bration  point  will  be 
printed.) 

If  the  dial  of  the  frequency  meter 
is  being  driven  from  high  numbers 
to  low  (on  one  band  it  is  driven  in 
one  direction,  and  in  the  opposite 
direction  on  the  other),  then  opera¬ 
tions  (b)  and  (g)  above  are  re¬ 
versed. 

I  All  of  the  above  operations  are 
performed  by  means  of  conven¬ 
tional  relay  switching  practice, 
with  each  operation  initiated  by 
the  closing  or  opening  of  a  contact 
placed  on  the  adding  machine  in 
such  a  manner  that  the  contact  is  { 
closed  while  the  machine  is  cycling  j 
and  the  contact  is  opened  when  the  | 
machine  comes  to  rest.  The  entire  i 
sequence  system  is  shown  with  j 
cover  open  in  Fig.  18. 

Ceatact-Fallur*  D«f«cter 

A  safety  device  is  incorporated 
in  the  sequencing  system  to  insure 
against  incorrect  calibrations  in 
case  of  failure  of  any  one  of  the 
contacts  of  the  revolution  counter.  1 
(Such  failure  might  be  expected  to 
be  rather  frequent  since  the  fastest  j 
revolving  rotor  of  this  switch 
makes  over  100  contacts  per  second. 
In  actual  use  24  hours  a  day,  the 
particular  design  employed  in  the 
revolution  counter  gives  a  contact 
failure  about  once  every  two 
months,  or  after  about  500  million 
contactings.) 

This  safety  device  operates  upon 
the  time  interval  between  the  in¬ 
stant  that  the  pulse  is  received 
from  the  zero  beat  detector  and 
the  instant  that  the  one  OA4G  tube 
in  each  column  of  the  number  stor- 


DI-MET 

RIMLOCK 

DIAMOND  ABRASIVE 
WHEELS 

I 

t 

0  High  Cutting  Spe#d$ 

0  Thin  Cuts 

0  Smooth/  Parallel  Surfaces 
0  Freer  Cutting 
0  Long  Blade  Life 
0  Low  Cost 

FELKER  MANUFACTURING  CO. 

[  1116  SOROER  AVE.  •  TORRANCE,  CALIF. 


Munutj:  furtri  nf 

DIAMOND  ABRASIVE  WHEELS 
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Supreme  Instruments  Corp 
V  5.  -4. 


age  bank  becomes  ionized.  If  this 
interval  is  less  than  approximately 
0.01  second,  then  the  calibration 
point  is  printed  in  the  normal  man¬ 
ner;  but  if,  through  a  contact  fail¬ 
ure  of  the  revolution  counter,  the 
interval  exceeds  0.01  second,  then 
no  calibration  poinHs  printed.  This 
is  arranged  by  a  suitable  relay 
system  consisting  of  one  relay  coil 
of  a  fast-operating  relay  inserted 
at  RO  of  Fig.  15  for  each  column 
of  the  number  storage  bank,  and  a 
slower-operating  relay  connected 
from  the  plates  of  the  OA4G  to 
ground. 

If  the  slow-operating  relay  closes 
after  the  five  fast  relays  have  oper¬ 
ated  (the  difference  in  operating 
time  between  the  two  types  of  re¬ 
lays  is  0.01  second)  then  the  con¬ 
tacts  of  the  revolution  counter  are 
apparently  in  proper  working  order 
and  the  circuit  is  arranged  to  per¬ 
mit  the  normal  printing  sequences 
previously  described  to  be  executed. 
If,  however,  the  revolutimi  counter 
skips  a  contact  point  at  the  instant 
that  a  dial  reading  is  to  be  recorded, 
the  OA4G  which  should  have  been 
ionized  does  not  become  ionized  and 
hence  the  slow-acting  relay  will  be 
operated  before  the  fast-acting  one. 
Through  suitable  additional  relay 
circuits,  this  causes  the  sequence 


BRAND 

TflADC  MAUK 

SEMI-INSULATED 
CERAMIC  RESISTORS 


Model  504-4 
Tube  and  Set  Tester 

PAST — For  over  15  years  Su¬ 
preme  Test  Equipment  has  won 
and  held  its  reputation  for  rug¬ 
gedness,  dependability,  accuracy. 

PRESENT — Supreme  Instru¬ 
ments  and  Meters  are*  helping 
keep  *  communications  open  on 
the  world's  batHefronts. 

FUTURE— Look  to  Supreme 
for  continued  leadership  in  com¬ 
munications,  radio  and  television 
test  equipment. 


#  Low  ohmic  values  are  made  in 
body  type  "CX”  only  whereas 
type  "A”  body  is  offered  in  a  wide 
range  of  resistance  values. 

Globar  Brand  Resistors  are  un¬ 
usually  rugged  as  your  tests  will 
prove.  Those  illustrated  are  stand¬ 
ardized  sizes  and  resistance  values. 
In  case  you  require  resistors  having 
special  characteristics  we  can  fur¬ 
nish  them.  Larger  units  or  special 
sizes  can  be  provided. 

Write  us  outlining  your  resistor 
problem,  it  will  receive  prompt 
and  careful  consideration. 


CATHODE-RAY  TUBE 
FACTORY 


Model  542 
Pocket  Multimeter 


741-a 


7S«^ 


744^ 


7M-a 


774-a 


Globar  Division 


After  the  Moling-in  operotfon.  cothode- 
roy  tubes  ore  boked.  bombarded,  evac¬ 
uated  and  sealed  on  this  machine.  A 
complete  tube  leaves  the  machine 
every  two  minutes  ot  the  North  Amer¬ 
ican  Philips  plont 


TRADE  MARK 

NIAGARA  FALLS,  N.Y. 

'CarlKiriiBauin  and  Globar  are  registered  trade  marks  ol 
.and  iadicale  manufacture  hr  The  Carborundum  Co. 
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1  «s  47  Okas 
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1  IS  33  Okas 
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T  to  47  Otons 

\W 

Its  13  Okas 

1%' 

1  la  33  Okas 

iVi' 

m-k 

3 

21  Okas  Is 
134,000  Okas 
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system  to  omit  the  calibration  read¬ 
ing  entirely  and  to  leave  two  blank 
spaces  on  the  recording  tape. 

Ut«  of  Calibroties  Tap* 

In  this  manner,  then,  the  dial 
readings  at  the  calibration  points 
are  recorded.  The  actual  frequency 
corresponding  to  any  given  dial 
reading  is  determined  from  the 
known  frequency  at  the  start  of  the 
calibration  tape  and  the  number  of 
readings  intervening.  In  practice, 
after  the  calibration  tape  has  been 
completed  by  the  machine,  it  is 
placed  upon  a  ruled  table  which  has 
marking  lines  corresponding  to 
certain  reference  frequencies.  In 
this  manner,  key  frequencies  (such 
as  those  which  start  each  page  of 
the  finished  calibration  booklet) 
can  be  marked  off.  « 

The  ruled  calibration  tape  is 
then  used  to  set  up  manually  the 
interpolating  machines,  which  sup¬ 
ply  teq\>  interpolated  calibration 
points  for  each  one  appearing  on 
the  tape  and  which  simultaneously 
print  the  pages  of  the  completed 
calibration  book. 

Credit  is  acknowledged  to  Mr.  D. 
B.  Smith  and  Mr.  E.  S.  Brotzman 
who  directed  the  development  of 


u.  S.  Nary  a*roqraph*n  mat**  r*l*as* 
a  w«ath*r  balloon  with  radio  sonde 
•quipment  that  will  transmit  signals  In¬ 
dicating  temperature,  humidity,  and  air 
PtMture  at  Torlous  altitudes.  Official 
U.  8.  Nary  photograph 
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YOU  NEED... 


•  CONDENSERS: 

G-t  has  had  years  of  experience  in  the  design  and  manu¬ 
facture  of  oil  filled  (G-R  Dilectol),  wax  impregnated,  paper 
tubular,  dry  electrolytic  and  moulded  condensers  and 
capacitors,  and  is  ready  to  furnish  such  types  in  all  usual 
working  voltages  and  capacities. 

•  RELAYS,  CONTACTORS: 

Illustrated  is  the  newly-developed  heavy-duty  G-R  Relay- 
Contactor.  This  and  other  types  of  G-R  relays  ore  available 
for  normally-open,  normally-closed  or  double-throw  opera¬ 
tion  in  single  or  more  poles. 

•  TRANSFORMERS: 

long-time  manufacturers  of  many  types  of  transformers, 
G-R  today  has  ample  facilities  for  the  large-volume  pro¬ 
duction,  inspection  and  precision  testing  of  audio,  power, 
filament,  plate,  push-pull  and  similar  transformers. 

WRITE  OR  WIRE  FOR  ENGINEERING  DATA 
Electronics  Division 

GLENN-ROBERTS  COMPANY 

OAKLAND  1,  CALIFORNIA  •  INDIANAPOLIS  1,  INDIANA 

txport  Agents:  PRAZAR  *  HANSEN 
301  Clay  Street,  San  Francisco,  California 
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Pyroferric  Co. 

175  VARICK  I  STREET  NEW  YORK,  1 4,  N.  Y 
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ly  Fr*<l«ricli  B.  T*mioR 

Pnttmor  of  Eloctrkal  Encineering  and  Bz> 
•codvo  Hood,  Electrical  Eagiaecnag  Da- 
pattOMaL  Stmnford  Univenlty  (abaeot  oo 
Icara),  l>lrector,  Radio  Retearck  Labora¬ 
tory.  Harrard  Uolyeraity 

I.OIf  pofgs,  4  g  f, 

protataly  lllastrafgd.  $4.00 


13  big  s«ctieBS,  eevgriag 

1.  Tsbles,  Mathemsticsl  Relstioag,  end 
Units 

2.  Circuit  Elements 

5.  Circuit  Theor>’ 

4.  Vacuum  Tubes  and  Electronics 

5.  Vacuum-tube  Amplifiers 

6.  Oscillators 

7.  Modulation  and  Demoduladon 

8.  Power-supply  Systems 

9.  Radio  Transmitters  and  Receivers 

10.  Propagadoo  of  Radio  Waves 

11.  Antennas 

12.  Radio  Aids  to  Navigation 

13.  Measurements 

Terman’s  Haiitftook  concentrates  on  those 
topics  wfakb  the  radio  man  thinks  of  as  oon- 
stitudng  radio  engineering  —  presented  in 
concise  descripdoos,  ftmdar^tals,  fotmulaa, 
procedures  use^  in  actual  desijpi,  taUes, 
dirgroma,  etc.  Consult  it  for  data  needed  in 
fondoe  problems  of  design  and  praedee,  or 
in  invesdgadon  of  special  problems  or 
brandies  of  work.  Check  your  methods 
against  best  accepted  practice.  Save  dme, 
trouble,  and  error — quick,  dependable 
answers  to  your  qnesdons,  wfire  you  need 
from  Terman's  Radio  Engineers’  Hand¬ 
book. 

Sw  Ms  om  mpprtPsU.  Just  Baail 

the  ooupoo ;  pay  for  or  ratura  the  book  after 
exaaiaatioa.  This  autborkadva  and  oon- 
TtoiacK  aamnary  of  radio  wiginarring  knowl- 
edgi  can  ba  of  oooataat  mod  valuable  aid  to 
yoB.  Send  the  coupon  today. 

10  DAYS*  rail  IXAMINAT10N 


For  Uninterrupted 
Service  Specify 

DOLPH’S 

INSULATING  VARNISHES 


stant: 

^^Caind-f  ScostfJ  — C  ooa  4— 5ain9 

uii»-c/s(#) 

Vs-Vc-  ® 

Substituting  (7)  and  (8)  in  (4) 


tan  $  —  C/S 

(6) 

Bin4-C/V^  +  C» 

(7) 

008  4-:-S/V5»  +  C*  ■ 

'*(8) 

Substituting  Eq.  (7)  and  (8)  in 
Eq.  (4)  gives 

Envelope  —  C  ^  +  S  ■■-=A...= 

VS*  +  C»  |VS*-flC» 

-  V  5*  +C*  J  (9) 

The  square  of  Eq.  (9)  is  equal  to 
Eq.  (5),  which  was  to  be  proved. 

Appeedla  IV 


Uagnar-NW  Baea  Oa..  SIS  W.  Oad  SL.  Nau 

Vart.  IS.  JL  V. 

Buia  m»  Tuiaaa'i  Badia  Tnrtnaari*  Hand- 
boaa  far  1#  uaya*  iiamniilnii  an  aranaal.  U 
1*  daya  1  wIB  and  yen  ia.0S  alaa  fan  aMa  peal- 
■at  or  retain  boak  s  Ms  alii  (We  pay  ycattaa  oa 


JOHN  C.  DOLPH  COMPANY 

Intx/iaftng  Sg>«<Ki*is^i 

169*A  Emmet  St.,  Nework,  New  Jersey 


BADIO  EI61MEEBS’ 


Here’S  news  for  men  in 
radio  and  electronics— 

One  of  (he  most  coo^ 
plete  works  of  its 
land  ever  publiibed, 
this  outstanding  refer¬ 
ence  work  presents  a 
wealdi  of  essential 
theory  and  up-to- 
date  standards,  ptac- 
tioe,  and  data,  espe¬ 
cially  selected  end 
orgeniaed  to  meet  the 
needs  of  the  engineer 
dealing  with  practkBl 
radio  and  dcctrook 
^oblems. 


Positive,  Dependable  Performance 

with  Compact  Shock -proof  SP  RELAYS 


Dt'Signed  to  withstand  shock  and  vibration, 
SP  RELAYS  give  outstanding  performance  in 
communications  equipment  o:  all  kinds,  radio 
equipment,  aircraft  equipment  and  other  essential 
'''applications.  Available  in  both  AC  and  DC  types. 


valuable  contributions:  W.  Frear, 
F.  Reed,  W.  Newbold,  H.  H.  Harris, 
M.  Ames,  H.  Brough,  M.  Rieeardi. 
E.  0.  Thompson,  I.  Stephan,  W. 
Mattison,  A.  F.  Nickel,  D.  Karcher, 
C.  Woll,  W.  MiUer,  A.  Miller,  H. 
Seher,  W.  Bareiss  and  F.  KotuDca. 


AppMdfal  I 

insUnUaeoua  roltege  output'of  fre¬ 
quency  meter 
peak  value  of  e/ 

inetantaneouB  voltaee  output  of 
itandard  signal 
peak  value  of  e. 

inatantaneoua  value  of  aero  boat 

vtdtage 

peak  value  of 

inatantaneoua  value  of  the  argument 
of  the  aine  function  rapewMitfaig 
inatantaneoua  periodicity  of  •f 


periodicity  of  atandard  signal 

rate  of  change  ttf  ^ 

m 

(assumed  to  be  oonstant) 
phase  anide  of  frequency  meter 
signal  (value  of  9/  at  instant  of  aero 
beat) 

phase  angle  of  standard  oignai 


Princeton,  tndiono 
^OSITfVff  A  C  r  I  O  M 


^  »  g/  ain  («ii  +  ^  f*  4-  ♦») 
a.  •  g.  Bin  (Mgi  4- 

The  product  of  these  two  signals, 
as  obtained  in  a  mixer,  neglecting 
all  but  audio-frequency  terms,  is 


M€pp9d~up  PRODUCTION 
OF  RADIO-ELECTRONIC  PRODUCTS! 

As  reflected  in  our  new  4S-page  Catalog, 
the  expondied  InsoUne  plant  is  produdng  on 
enlarged  liae  ol  high-quality  Radio,  SouikI, 
and  Electronic  Products.  These  indude: — 

e  Motol  Cobinats.  Choaaia,  Panels  • 
•  Plugs  and  )ads  e  Clips  e  To^  e 
Meted  Stampings  e  Screw-Machine 
Products  •  Antennas  •  Hardware 
and  EasentiCTk 

Send  iq>ecifications  for  estimates  Write  for. 
your  copy  oi  our  Catalog  >-aowl 


Appeedii  II 


for  a  caUbrattng  time  of  6  minutes, 
2  V  (4  X  10*  -  2  X  10>)  - 


Let  T  =  value  of  t  for  which 
goes  through  its  first  zero  valuea 
Then 


-s-'T*-— ;T  -  d:a01seo.andli- 

0j02m 

Appeedix  III 

Given  the  function  /,(*)  = /coi 
(X*  e)  dx  0) 

A  second  form  of  the  function 
differing  in  phase  by  90  deg  is 


(x)  -  J  eos^x*  4-  9  4-  y  j dx 
-  y*  (x*  4-  9)  dx 
It  is  desired  to  show  that 


LONG  ISLAND  CITY,  N.Y 
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though  certain  parts  assume  a  more 
advanced  background  in  mathe¬ 
matics  or  in  quantum  physics  and 
chemistry. 

A  highly  condensed  treatment 
makes  the  volume  more  appropriate 
as  a  reference  or  expanded  hand¬ 
book  than  as  an  introduction  to  the 
topics  treated.  These  are :  the 
mathematics  of  thermodynamics ; 
ordinary  differential  equations;  or¬ 
thogonal  polynomials ;  vector  analy¬ 
sis;  vector  and  curvilinear  coordin¬ 
ates;  calculus  of  variations;  partial 
differential  equations  of  classical 
physics;  proper  values  and  proper 
functions;  mechanics  of  molecules; 
matrices  and  matrix  algebra; 
quantum  mechanics ;  statistical  me¬ 
chanics;  approximate  solutions; 
linear  integral  equations ;  and 
group  theory. 

The  frequency  of  misprints  is  a 
little  high,  the  usual  mark  of  a  first 
printing.  For  the  most  part  the 
corrections  are  evident.  An  unfor¬ 
tunate  error  occurs  in  the  expan¬ 
sion  of  the  generating  function  of 
the  Tschebyscheff  Polynomials  on 
page  128.  Here  n  !  should  be  de¬ 
leted.  Also  in  the  definition  of  these 
polynomials  in  equation  (2-64), 


CHARACTERISTICS 

Specific  gravity  of  only  2.S  to  2.A 
Watar  absorption  S.  I.S-0.001  por 
cant.  Por  cant  powar  factor. 

S.  1.5  to  M  cyclat  was  only  O.OliS. 
DIolactrIc  constant  at  M  cyclas 
ivas  5.MOOO  KC  5.4. 

Makers  of  electrical  aad  radio  apparatus  des¬ 
tined  for  war  service  are  finding  in  LAVITE 
tfie  precw  qualities  called  for  in  their 
spedficatioos  .  .  .  high  compressive  and 
dielectric  strength,  low  moisture  absorption 
and  resistance  to  rot  fumes,  adds,  and  high 
heat.  The  exceedingly  low  loss-faaor  of 
LAVITE  plus  its  excellent  workability 
makes  it  ideal  for  all  high  frequency  appli¬ 
cations. 

^e  will  gladly  supply  samples  for  testing. 


>.  M.  STEWARD  MFD.  COMPANY 

Main  Offic*  &  Works:  CbottsMoogd,  Temm, 
Nse  Vsrk  Nsedham,  Mass.  Chleato  Las  Antaiss 


flJWAN. 


ELECTRICITY 

FOR  ANY  JOB^ANYWHERE 


MERIT  COIL  &  TRANSFORMER  CORP. 

311  North  Desplaines  St.  •  CHICAGO  6,  ILL. 


For  a  dopondoblo  aoorco  of  oloctricity  on  proiocta  romoto 
from  commordol  powor.  Onon  Eloctric  Plants  are  proeon 
Isadora  in  tho  Hold.  Morn  than  hall  of  the  Armed  Forces' 
total  requirements  for  Power  Plants  are  built  by  Onon. 


Gasoline-driTen  .  .  .  Single-unit,  compact  design  .  .  .  Sturdy 
construction  ...  Suitoble  for  mobile,  stotionary  or  emer¬ 
gency  service. 


Over  fiS  models,  ranging  in  s»es 
from  350  to  3SJ)00  watts.  50  to  800 
cycles,  110  to  volts,  A.C.— O  to  4000 
volts.  D.C. — AIm  dual  A.C. — ^D.C.  out- 


DescriptiTe  literoture  sent 
prompUy  on  requesL 


D.  W.  OMAN 
&  SONS 

3251  Royalston  Are. 


MINNEAPOLIS  5. 
MINNESOTA 


“PnaduaU 

"MERIT” 

me€iH4> 

. . .  PARTS  manufactured  ex¬ 
actly  to  the  most  precise 
specifications. 

Long  manufacturers  of  com¬ 
ponent  radio  parts,  MERIT 
entered  the  war  program  as 
a  complete,  co-ordinated 
manufacturing  unit  of  skilled 
radio  engineers,  experienced 
precision  workmen  and 
skilled  operators  with  the 
most  modern  equipment. 

MERIT  quickly  established 
its  ability  to  understand 
difficult  requirements,  quote 
intelligently  and  produce  in 
quantity  to  the  most  exact¬ 
ing  specifications. 

Transformers— Coils— Re¬ 
actors— Electrical  Windings 
of  All  Types  for  the  Radio 
and  Radar  Trade  and  other 
Electronic  Applications. 
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NEW  BOOKS 


Electron-Optics 

By  PAUf<  Hatschek  (translated  from 
German  by  Arthur  Palme),  Ameri- 
can  Photographic  Publishing  Co., 
Boston  15,  Mass.,  161  pages, 

price  $S.OO. 

A  FLAIN-LANGUAGE  presentation, 
without  mathematics,  of  the  fun¬ 
damentals  of  electron  lenses  pro¬ 
duced  by  electric  and  magnetic 
fields  for  use  in  electron  tubes.  The 
book  was  written  in  1935  and 
1936,  and  was  intended  for  those 
having  no  previous  knowledge  of 
this  field,  then  in  its  infancy.  The 
translator  has  added  one  chapter 
surveying  the  progress  made  in 
electron  optics  since  that  time,  with 
emphasis  on  the  electron  micro¬ 
scope. 

The  book  could  well  serve  as  an 
elementary  textbook  covering  one 
phase  of  electronics,  building  a 
broad  groundwork  necessary  for 
understanding  new  developments. 
Teachers  of  electronic  subjects  may 
glean  useful  ideas  for  improving 
their  lectures  from  the  many  an¬ 
alogies  and  simple  step-by-step  ex¬ 
planations  of  how  electron  beams 
are  bent  in  television  tubes,  ampli¬ 
fiers,  multipliers  and  other  electron 
tubes. — J.M. 


Sherman 

Offers  QUICK 
DELIVERY 


On  Hundreds 
Of  Styles  of 

ELECTRICAL 


One  of  the  largest,  most  com¬ 
plete  lines  of  Electrical  Termi¬ 
nals  available  anywhere,  is 
offered  you  by  Sherman.  Hun¬ 
dreds  of  styles  are  available,  and 
others  are  constantly  being 
added.  Most  of  these  are  kept  in 
stock,  ready  for  quick  shipment. 

Sherman  probably  has  a  stock 
terminal  exactly  suited  to  your 
own  particular  requirements.  If 
not,  we  would  be  happy  to  have 
you  submit  your  specifications  to 
our  engineering  departments. 

Sherman  also  makes  many 
other  high  quality  electrical  fit¬ 
tings,  such  as  soldering  and 
solderless  lugs,  luse  clips,  etc. 
Write  today  for  Sherman  catalog. 


Sm«l  parts  arc  thoroughly  dahydra- 
tad  for  tho  langth  of  tima  iMMad 
to  thoroughly  extract  moistura. 


Parts  ara  waxed  and  vamishad  ac¬ 
cording  to  spacihcations  and  al 
areas  ara  thoroughly  coated. 


The  Mathematics  of  Physics 
and  Chemistry 

By  Henry  Margenau,  Associate  Pro* 
fessor  of  Physics,  and  George  Mose¬ 
ley  Murphy,  Assistant  Professor  of 
Chemistry,  both  of  Yale  University. 
D.  Van  Nostrand  Company,  New 
York,  19^8,  S81-xii  pages.  Price  $6.50. 

A  COMPACT  COLLECTION  of  many  of 
the  important  advanced  mathemati¬ 
cal  techniques  used  in  modem  theo¬ 
retical  physics  and  chemistry  will 
be  found  in  this  book.  Engineers 
interested  in  wave  radiation  and 
propagation,  the  modes  of  oscilla¬ 
tion  of  cavity  resonators,  heat  flow, 
noise,  linear  electric  networks,  or 
the  approximate  solution  of  certain 
algebraic,  transcendental,  or  ordin¬ 
ary  differential  equations  can  well 
find  in  it  a  ready  review  of  pertin¬ 
ent  abstract  relations. 

In  the  main  the  level  is  that  suit¬ 
able  for  engineering  graduates,  al- 


SufRcicwf  time  t%  allowed  to  thor¬ 
oughly  impregnete  al  matariah  to 
the  fill  extant  of  their  porocity. 


Al  turphn  wax  is  removed  by  this 
operation  leaving  al  machinad  sur¬ 
faces  and  counter  bores  clean  and 
smoolh. 


Al  smooth  surfaces  are  polished  to 
a  dust-free  hard  finish. 


Be  SHERMAN 
Mfg.  Company 
Battle  Creek 
Michigan  4 


Daily 

PICK-UP  AND  DELIVERY 
in  METROPOLITAN  AREA 
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page  74,  the  second  (n-3)  should 
be  (n-4).  Disconcerting  to  the 
mathematically  minded  is  the  omis¬ 
sion  of  restrictive  conditions  on  Var¬ 
ious  relations,  and  the  apparent 
absence  of  limit  processes  in  setting 
up  differential  equations.  For  an 
example  of  the  latter  see  pages  147 
and  148.  Also  the  incomplete  state¬ 
ment  of  a  few  problems  might  dis¬ 
turb  a  reader  not  familiar  with 
these  problems.  Problem  a  of  page 
39  illustrates  the  point. 

The  influence  of  German  litera¬ 
ture  crops  out  at  various  points, 
such  as:  in  deviations  from  the 
American  partial-derivative  nota¬ 
tion  on  pages  3,  82,  and  88;  the 
designation  of  the  equation  of  a 
series  LR  circuit  with  constant  ap¬ 
plied  voltage  as  “Helmholtz’s  equa¬ 
tion”  on  pages  39  and  42;  the  as¬ 
signment  of  Gauss’s  name  to  the 
“normal”  distribution  curve  dis¬ 
covered  by  DeMoivre  in  1753;  and 
the  preference  for  “eigen”  over  the 
short  English  equivalent  “proper”. 
This  last  preference  is  fairly  com¬ 
mon  in  quantum  literature,  how¬ 
ever. 

As  far  as  time  variations  are  con¬ 
cerned  the  treatment  covers  the 
steady  state  nearly  exclusively.  Lack 
of  interest  in  transients  is  shown 
by  remarks  on  page  55  where  it  is 
stated  that  the  complementary  func¬ 
tion  is  of  little  interest  in  physical 

•  •  • 

ELECTRONIC  TIME 
DELAY 


WANTED: 

Electronic  or 
electro-mechanical 
products 

I  (equipment,  parts, 
or  consumer  items) 

lor  tho  post-wor  ora  by 
modem,  well  •  orgcmbed 
mcmuiocturer  of  radio 
parts,  who  dedres  to  odd 
new  products. 

Apply  to  W-646  Electronics 
330  West  42nd  St..  New  York  18,  N.  Y. 


Gomercis  and 
Photo  Supplies 
for  year 
Laboratory! 


Headqnarten  for  oomaiaB.  lonaeo,  plMlo 
occeuoriee  oad  dork  room  sappUee  ... 
eTerrthing  for  the  commercial— oad  iadas- 
triol  photo  laboratory,  laquirlos  oa  eam- 
oroa  oad  photo  equlpmont  huTltod.  Cirtcdoq 
IMI  oa  roquoet. 


BURKE  &  JAMES,  bic. 

321  SO.  WABASH  AVI. 
CHICAGO  4  ILUNOIS 


OTOR 
GINEER 


Position  open  for  ] 


engineer 


who 


desires  full 

i 

opportunity  to 

develop  own  j 

ideas  on  very 

interesting  new 

project. 

Necessary 

qualifications: 

originality,  sound 

knowledge  of 

fundamentals,  and 

experience  in 

electronic 
motor  design. 

Salary  open. 

RAYTHEON  MF6.  COMPANY 

MRSONNfL  DiMKTimtT 
WALTHAM.  MASSACHUSETTS 


applications  because  it  decays  ex¬ 
ponentially  with  time  and  will  be 
damped  out  eventually. 

Refreshinsr  touches  appear  in  the 
handling  of  some  of  the  conven¬ 
tional  topics.  An  example  is  the 
footnote  on  the  many  mathematical 
uses  of  the  word  “homogeneous”. 
The  reader  will  appreciate  the  ex¬ 
amples  and  the  problems  with 
answers  scattered  through  the  text. 
Quantum  physics  and  even  recent 
nuclear  questions  are  treated  in  an 
up-to-date  manner.  The  same  can¬ 
not  be  said  of  several  of  the  mathe¬ 
matical  topics.  A  moderate  num¬ 
ber  of  references  to  other  litera¬ 
ture,  especially  books,  is  included. 

Briefly  then,  Margenau  and 
Muiphy  have  collected  in  one  book 
a  wide  expanse  of  mathematical 
methods  whose  treatment  in  conse¬ 
quence  is  somewhat  sketchy. — J.L.B. 


Physical  Foundations  of 
Radiology 

By  Otto  Glasser,  Professor  of  Bi¬ 
ophysics,  Cleveland  Clinic  Founda¬ 
tion,  Edith  H.  Quimby,  Associate 
Professor  of  Radiology,  College  of 
Physicians  and  Surgeons,  Columbia 
University,  L.  S.  Taylor,  Chief  of 
X-Ray  Se^ion,  National  Bureau  of 
Standards,  and  J.  L.  Weatherwax, 
Philadelphia  General  Hospital  and 
Graduate  School  of  Medicine,  Univ. 
of  Pa.,  published  by  Paul  B.  Hoeber, 
Inc.  (Medical  Book  Dept,  of  Harper 
&  Bros.),  New  York  16,  19H,  ki6 
pages,  price  $5.00. 

A  POOLING  of  teaching  experiences 
to  provide  an  elementary  and  non- 
mathematical  textbook  suitable  for 
two  groups:  physicians  preparing 
to  enter  the  field  of  radiology,  and 
physicians  already  in  this  special¬ 
ized  field  but  desirous  of  review  or 
further  information.  It  answers 
the  demand  by  students  of  radi¬ 
ology  for  serious  instruction  in 
radiation  physics,  and  includes  con¬ 
siderable  information  on  nuclear 
physics  to  provide  a  background 
for  keeping  up  with  current  devel¬ 
opments.  Throughout  the  book,  the 
fundamental  aspects  of  radiologic 
physics  have  been  stressed,  and  the 
chapters  on  x-ray  diagnosis  and  on 
biologic  effects  of  radiation  are  de¬ 
liberately  written  to  be  stimulating 
rather  than  complete. 

The  nineteen  chapters,  each  con¬ 
cluded  with  a  bibliography,  cover 
history,  concepts  of  .  matter  and  ra¬ 
diations,  high-.voltage  generators. 


TECHNICAL 

NOTES 

Exctrptt  from  New  Home  St»dy 
Lessons  Being  Prepared  under 
the  Direction  of  the  CRBI 
Director  of  Engineering  Tests 


The 

Iconoscope 

RegardlcM  of  whether  or  not  tde- 
vision  is  being  employed  in  the  present 
war,  it  undoubtedly  will  be  one  of  the 
most  important  post-war  enterprises. 
CREI  has  been  fnlly  aware  of  this 
and  has  prepared  a  sp^ialised  course 
on  the  subject.  We  Umov/  from  this 
source  our  material,  the  technical  ar¬ 
ticle  appearing  in  the  May  issue  of 
the  CREI  NEWS.  The  subject  is 
the  Iconoscope,  and  Part  I  presented 
in  the  May  issue  deals  with  the  gen¬ 
eral  aspects  of  photoelectric  and  sec¬ 
ondary  emission  phenomena  as  a 
preparation  for  Parts  II  and  III,  in 
which  the  action  of  the  Iconoscope 
itself  will  be  analyzed. 

The  approach  is  mainly  from  the 
physical  yiewpoint,  since  to  the  aver¬ 
age  engineer,  a  good  qualitative  under¬ 
standing  of  the  action  of  the  icono¬ 
scope  will  stand  him  in  better  stead 
than  a  theoretical  mathematical  presen¬ 
tation,  which  is  not  of  much  use  prac¬ 
tically  because  of  the  difficulty  in 
measuring  the  various '  quantities  in 
■volved.  • 

As  you  probably  know  by  this  time, 
THE  CREI  NEWS  is  offered  free  for 
the  asking  to  anybody  sufficiently  in¬ 
terested  to  write  us  for  h.  Writr 
today  for  the  May  issue,  and  the  ar¬ 
ticle,  "The  Iconoscope”.  You  incur  no 
obligation  in  requesting  to  be  put  on 
our  mailing  list. 

★  ★  ★ 

The  subject  of  "The  Icono¬ 
scope”  is  but  one  of  many 
that  are  being  constantly  re¬ 
vised  and  added  to  CREI  les¬ 
sons  by  A.  Preisman,  Director 
of  Engineering  Texts,  under 
the  personal  supervision  of 
CREI  President,  E.  H.  Rietzke, 

CREI  home  study  courses  are 
of  college  calibre  for  the  pro¬ 
fessional  engineer  and  techni¬ 
cian  who  recognizes  CREI 
training  as  a  proven  program 
for  personal  advancement  in 
the  field  of  Radio-Elearonics. 
Complete  details  of  the  home 
study  courses  sent  on  request. 

.  .  .  ask  for  ^6-page  booklet. 

Capitol  Radio 

ENGINEERING  INSTITUTE 

E.  H.  RIETZKE,  President 

Home  Study  Courses  in  Practical 
Radio-Electronics  Ettgineering  for 
I  Professional  Self-Improvement 

“  Dept.  E-5,  3224— 14«h  Street,  N.  W. 

WASHINGTON  10.  D.  C. 

Contractors  to  the  U.S.  Navy — U.S. 

Coast  Guard  —  Canadian  Broadcasting 

Corp.  —  Producers  of  Well-trained 
Technical  Radiomen  for  Industry. 
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You  get  inaxiiiiiiiii  power 
|>er  ounce  of  weight  in  this 
small  fractional  II.P. 


Motor.  Designed  for  8|)eeds 
from  3.()00  to  20,000  R.P.M. 
and  for  voltages  from  6  to 
115.  Kngineered  to  your 
exact  j>erformance  speci¬ 
fications.  Precision-built  of 
quality  materials  for  long 
life,  de]>endahle  operation. 
How  many  do  you  need  — 
and  when? 

Small  Motofs,  he. 

31«  ELSTON  AVE.,  CHICAGO  22,  ILLINOIS 

Monufacturars  of  special  small  universal,  frac¬ 
tional  H.  f.  motors,  dynamotors,  shaded  pole 
motors,  heater  motors,  generators. 


Design  •  Engineering  •  Production 


roentgen  ray  tubes,  production  and 
nature  of  x-rays,  diagnostic  pro¬ 
cedures,  measurement  of  x-ray  dos- 
ige  and  quality,  radioactivity,  meas- 
j  urement  of  gamma  rays,  neutrons 
and  artificial  radioactivity,  biologic 
reaction,  therapy  records,  and  ro¬ 
entgen  ray  and  radium  protection. 

[  Am  appendix  contains  16  pages  of 
roentgen  ray  depth  dose  tables. 

The  book  is  highly  recommended, 
for  the  quELlity  of  its  illustrations 
and  the  excellent  editorial  welding 
together  of  chapters  by  four  dif¬ 
ferent  authors  as  well  as  for  the 
clarity  and  technical  merits  of  the 
text  matter.  With  the  rapidly  in¬ 
creasing  importance  of  electronics 
in  medicine,  especially  in  the  util¬ 
ization  of  recently  discovered  artifi¬ 
cially  radioactive  materials,  it  be¬ 
comes  practically  compulsory  read¬ 
ing  for  workers  in  radiologic  phys¬ 
ics  and  all  related  fields. — J.M. 

7  •  •  • 

A.S.T.M.  Standards  on  Elec¬ 
trical  Insulating  Material 

By  A.S.T.M.  Committee  D-9,  Ameri- 
ean  Society  for  Testing  Materials, 
tSO  S.  Bro^  St.,  Philadelphia  2,  Pa. 
19 H  (issued  annually),  502  pages, 
paper  cover,  price  $2.75. 

New  material  in  this  year’s  edi¬ 
tion  gives  requirements  for  phe¬ 
nolic  molding  compounds,  lamin¬ 
ated  thermosetting  materials,  vul¬ 
canized  fiber  sheets,  rods  and  tubes, 
natural  block  mica  and  mica  films 
suitable  for  use  in  fixed  mica  ca¬ 
pacitors,  orange  shellac  and  other 
lacs,  pin-type  lime  glass  insulators, 
and  tensile  properties  of  plastics. 
Eight  standards  cover  insulating 
varnishes,  paints,  lacquers  and  their 
products,  three  cover  mineral  oils 
and  five  are  related  to  ceramic  prod¬ 
ucts  such  as  glass,  porcelain  and 
steatite.  Two  tables  of  contents,  one 
in  numeric  sequence  and  the  other 
grouped  by  general  subjects,  to¬ 
gether  with  a  17-page  subject  index 
speed  locating  of  desired  data. — 
J.M. 

•  •  O: 

Illustrated  Technical 
Dictionary 

Edited  by  Maxim  Newmark,  The  Phil¬ 
osophical  Library,  New  York,  352 
pages,  price  $5.00. 

A  COLLECTION  of  officially  approved 
standard  definitions  obtained  from 
engineering,  trade  *  and  industrial 


No  RAILROADS  ran  w’cst  of  the  Mis¬ 
souri  in  1849,  but  the  Nation’s 
goods  and  gold  went  gallantly  and 
steadily  through.  The  Overland 
Stage  Coaches  and  the  Pony  Ex¬ 
press  kept  their  perilous  schedules. 
Through  those  means.  Express 
service  sped  up  America’s  growth, 
united  her  far-flung  borders  and 
served  our  young  democracy. 

Today,  nearly  a  centur>'  later, 
Railw’ay  Express  is  serving  Amer¬ 
ica  w'ith  the  same  undaunted  spirit. 
Tw’enty-three  thousand  express 
offices  are  the  Trading  Posts  of 
1944.  Fast  express  trains  and  air¬ 
planes  follow  the  stage  coach  trails. 
The.goods  are  mostly  war  materiel 
now’.  In  peace  time  they  will  again 
encompass  every  conceivable  per¬ 
sonal  item  as  well  as  the  products 
of  industry  and  agriculture. 

You  can  help  us  carry  our  share 
of  America’s  war  time  shipping 
load  and  serve  you  better  by  doing 
two  simple  things:  Pack  your 
shipments  securely  .  .  .  address 
them  clearly.  Our  century  of  ex¬ 
perience  pro%'es  that  “a  shipment 
started  right  is  half  way  there  I” 
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organizations  and  government 
agencies,  with  emphasis  on  terms 
dealing  with  standards  and  meas¬ 
urements,  practical  applications  of 
mathematics,  chemistry  and  phys¬ 
ics,  aeronautics,  electricity,  radio, 
synthetics,  plastics,  automotive  me¬ 
chanics,  and  shipbuilding.  Broad 
coverage  has  also  been  given  to 
fields  of  current  importance  in  the 
war  effort,  to  subjects  listed  in  pre¬ 
induction  outlines  and  to  subjects 
encountered  in  technical  and  voca¬ 
tional  schools. 

Features  of  the  book  include 
strictly  alphabetical  listing  of  com¬ 
pound  terms  (not  as  “microscope, 
electron”),  a  comprehensive  system 
of  cross  references,  excellent  use  of 
approximately  90  illustrations  to 
clarify  difiAcult  terms,  and  good 
representation  of  new  terms  like 
Dzus  fastener,  alclad.  Incite,  radar, 
etc. 

Tlie  term  radar  is  defined  thusly : 
Abbreviation  for  “Radio  Detecting 
And  Ranging”  apparatus.  It  is 
based  on  the  principle  that  ultra 
high-frequency  radio  waves  radi¬ 
ating  through  space  are  reflected 
from  the  surface  of  objects  within 
the  field  of  radiation.  The  direction 


IMMEDIATE  bELIVERY 
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.01  .006  .005  .002 

■001  .0008  .0005  .00025 

.0002  .0001  .00005 

in  regular  mica  foil  capacitors,  5  Sl  10% 
Tolerance,  manufactured  in  accordance 
with  American  War  Standards  to  meet 
Army  and  Navy  Specifications. 

Writs  for  price  thesis  and 
complete  information 

ALBERT  ROTHENSTEIN 
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of  such  an  object  tn  space  can  be 
determined  by  a  directional  antenna 
array,  and  its  distance  can  be  de¬ 
termined  by  the  time  required  for 
the  reflected  waves  ( the  *’echo’*)  to 
travel  back  to  their  point  of  origin. 
Also  called  “radio  locator^*. 

A  five-part  Appendix  contains 
American  standard  abbreviations, 
units  of  weight  and  measure,  tem¬ 
perature  interconversion  tables,  a 
table  of  chemical  elements,  and  ge¬ 
ometrical  shop  data. 

Though  primarily  intended  for 
engineering,  technical  and  trade  li¬ 
braries,  the  book  should  also  prove 
valuable  to  general  libraries  and  to 
teachers  and  students  of  engineer¬ 
ing,  scientific  and  vocational  sub¬ 
jects.— J.M. 


WITH  UNERRINe  ACCURACY 


Today,  as  a  resirit  of  American  en¬ 
gineering  skill  ingeniously  applying 
amplification  principles  to  highly 
specialized  instruments,  thousands 
of  amplifiers  by  “Elastern’’  help  to 
guide  our  army  and  navy  bombers 
with  unerring  accuracy  in  success¬ 


fully  completing  their  vital  missions. 

Our  engineering  staff  invites  your 
inquiry — large  and  small  production 
runs,  even  single  units,  receive  our 
usual  prompt  attention.  Write  for 
Bulletin  99. 


The  Radio  Amateur’s 
Handbook 

By  Staff  of  Amexican  Radio  Rslay 
Li^US,  180  pages  of  text  and  181 
pages  of  advertising  and  index.  Price, 
$1.00.  Twenty-first  edition,  19  H. 
Ameriean  Radso  Relay  League,  West 
Hartford,  Conn. 

Singe  amateur  radio  stations  are 
silent  for  the  “the  duration”  The 
Radio  Amateur’s  Handbook  has 
temporarily  lost  its  primary  func¬ 
tion — that  of  providing  the  funda¬ 
mentals  of  radio  and  practical  con¬ 
structional  data  to  radio  amateurs. 
But  the '  Handbook  has  found  an 
equally  important  war-time  func¬ 
tion  in  the  training  of  radio  person¬ 
nel  for  war  activities  and  in  pre¬ 
senting  practical  data  on  high  fre¬ 
quency  techniques  in  which  radio 
amateurs  have  always  been  spe¬ 
cialists. 

The  twenty-first  edition  does  not 
differ  at  all  from  its  predecessor  in 
intent,  general  scope,  or  method  of 
treatment;  the  theoretical  and  con¬ 
structional  i>ortions  remain  sep¬ 
arated.  Only  in  relatively  minor 
matters  is  the  text  changed  to  bring 
it  more  nearly  in  line  with  current 
needs.  A  chapter  on  carrier  cur¬ 
rent  communication  has  been  added 
and  the  chapter  on  war  emergency 
radio  service  has  been  expanded 
and  rewritten. 

The  value  of  the  Handbook  may 
best  be  judged  when  it  is  realized 
that  the  present  editions  brings  to 
more  than  1,120,000  the  number  of 
copies  which  have  been  printed. 
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BACK  THE  ATTACK  ★ 
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UNITED  ENGINEERING  CO 


3317  N.  Crawford  Ava, 


Chicago,  III. 
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mant,  no  mattar  how  oxacting. 
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2977  Xroidil).  D.troit  7,  I. 
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PLATINUM 

Wira  &  Ribbon 
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SILVER 

Sbeet  "Wif,  Broiing  Alloys 
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THE  AMERICAN  PLATINUM 
WORKS 

R9fin«TM  &  Manufacturers 
N.JJLR.  Ato.  at  OliTor  Street 
Newark  5,  N.  J. 


For  Sale 

INDUSTRIAL 

Electronic 

Machine 

aid  groip  of  basic  pateita. 

Well  known  New  England 
manufacturing  concern  will 
diacuss  sale  on  mutually 
favorable  basis  of  subsidiary 
company  that  has  been  en¬ 
gaged  in  developing  elec¬ 
tronic  devices  since  1931. 

Wrlmeipmlm  Oulg 
IO«434.  ElaetroRies 

330  Wm«  42nd  St..  N«w  York  II.  N.  Y. 


BiDliography  and  Abstracts 
on  Electrical  Contacts 

By  A.S.T.M.  Committee  B-4  (chair¬ 
man — Erie  /.  Shobert,  II,  Stackpole 
Carbon  Co.),  American  Society  for 
Teeting  Matsriale,  f60  S.  Broad  St., 
Philadelphia  t.  Pa.,  19Ui,  137  pages, 
price  $5.00. 

A  COMPILATION  of  837  references  to 
the  literature  appearing  between 
1835  and  1943  on  the  subject  of 
electrical  contacts,  arranged  in 
chronological  order,  with  practically 
all  references  since  1910  being  ac¬ 
companied  by  abstracts  taken  from 
Science  Abstracts,  Chemical  Ab¬ 
stracts  and  other  sources  or  spe¬ 
cially  prepared  by  members  of  the 
committee.  A  subject  index  divides 
the -bibliography  into  the  following 
groups  of  references  on  separate 
problems  and  details  involved  in  the 
subject  of  electrical  contacts:  Gen¬ 
eral;  Contact  Materials;  Circuit 
Breaker  Design  and  Testing;  Re¬ 
lays;  Stationary  Contacts;  Sliding 
Contacts;  Misc.  Contact  Applica¬ 
tions;  Contact  Resistance  and  Tern-  i 
perature;  Electric  Arc  as  Applied  ; 
to  Contacts;  Electric  Arc  in  Gen-  ] 
eral;  Spark  Discharge;  Glow  Dis¬ 
charge;  Low  Voltage  Arc;  Contact 
Wear;  Circuit  and  Circuit  Para¬ 
meters  as  Applied  to  Contact  Oper¬ 
ation.  In  addition,  an  author  index 
is  provided  for  those  wishing  to 
follow  the  work  of  a  particular  in¬ 
dividual.  A  three-page  key  to  ab¬ 
breviations  of  publications  is  in  it¬ 
self  a  valuable  reference  to  anyone 
having  need  to  decipher  abbrevia¬ 
tions  of  foreign  publications. — J.M. 
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1  Cpp  cemented 
on.  Easily  loosened. 

2  No  reinforce¬ 
ment  of  tnse  ele- 


3  Mechanically 
polarised.  Responds 


4  Unprotected 
a9ainst  contrac¬ 
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1  LOCKED  CAP 
ASSEMBLY  (Pot.). 
No  cement. 

2  Elements  twist¬ 
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severe  vibrotioo. 

3  Mechanically 
depolarised  against 
vibration. 
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takes  np  contrac¬ 
tion  and  espansion. 
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ENGINEERED  FOR  TODAY'S 
NEW  CIRCUIT  PROTECTION! 

"Quicker  than  a  short  circuit.” 

Extraordinary  rirenit  protection  is 
now  iniperatix’e  in  ever-widening 
fiehb  of  electrical  products.  Littel- 
fiise  engineering  meets  and  antici¬ 
pates  these  demands. 

Every  Littelfuse  is  thoroughly  pre- 
leMed  bef3re  delivery. 

If  >our  problem  is  circuit  protec¬ 
tion  Littelfuse  ean  help  you. 


LITTELFUSE  Inc. 

263  Ong  St.,  El  Monte,  Californio 
4793  Rovenswood  Ave.,  Chicogo  40,  111. 
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When  split-sec¬ 
ond  communica¬ 
tions  are  imper¬ 
ative  at  the  bat- 
tlefront,  Valpey 
Crystals  perform^ 
their  duly  to  ut¬ 
most  perfection. 


CM-1 

A  deaiffn  for  nor¬ 
mal  frequrneti  con¬ 
trol  appliemtions. 


YOU  \ 
WILL  NEED 
THEM  \ 
TOMORROW! 


CBC-0 

Wkere  ntmoat  in 
atabUitp  require* 
eonatant  temper^ 
ture  control  (m 
commercial  instal- 
lationa. 


When  peace 
reigns  again,  and 
your  business  re¬ 
turns  to  nor-  ^ 
malcy,  we’ll 
be  serving  you 
with  new,  cus- 
tom  -  mad  e, 
precision-cut 
crystals  de¬ 
signed  to  meet 
your  problem 
in  electronics. 


Special  new  low 
frequent/  unit . . . 
vital  in  the  newer 
fielda  of  electron¬ 
ics.- 


■CRAFTSMANSHIP  IN  CRYSTALS" 


Backtalk 

Thig  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronic  industry  or 
comment  on  articles 
which  ELECTRONICS 
has  published. 


Voltage  Doublers 

On  page  354  of  the  March  1&44  is¬ 
sue  of  Electronics  and  in  your 
“Backtalk”  Department  appear  two 
diagrams  of  a  series  line  feed  or 
half-wave  doubler  with  a  common 
cathode  condenser. 

We  believe  it  is  in  order  to  call 
your  attention  to  the  fact  that  this 
is  a  patented  circuit  and  is  cov¬ 
ered  by  U.  S.  Patent  No.  2,172,692, 
assigned  to  P.  R.  Mallory  &  Co., 
Inc.  This  circuit  is  described  in  de¬ 
tail  on  page  59  of  our  MYE  Tech¬ 
nical  Manual. 

R.  M.  Elus 

P.  R.  Mallory  d  Co.,  Ine. 

Recording 

Re:  Mr.  Donald  F.  Pennie,  p.  357, 
March  1944: 

(1)  Why  does  “compression  in 
one  axis  of  the  sound  track  dimen¬ 
sion  require  compression  in  the 
other”?  (Your  guess  is  as  good  as 
mine). 

(2)  (From  the  Inability-to-see- 
forest  -  because  -  of  -  trees  Depart¬ 
ment). 

Re :  the  electronic  recording  system 
in  general: 

(a)  As  the  so-called  “aperture” 
in  this  case  is  obviously  noth¬ 
ing  but  the  actual  cathode- 
ray  spot  itself,  the  whole 
question  boils  down  to  the 
possibility  of  obtaining  a 
small  enough  ratio  of  spot 
size  to  total  available  screen 
area  to  insure  a  record  of 
practical  playing  time.  As 
television  experience  has  ar¬ 
rived  at  441  lines  as  a  prac¬ 
ticable  amount  of  res<dution 
obtainable  with  modem  cath¬ 
ode-ray  tubes,  we  will  use 
this  figure  in  the  discussion. 

(1)  441  X  441  equals  194,481,  or 
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For  Tomorrow  s 

Broadcasting- 

LOOK  TO 


for  advanced  design  and 
superior  performance  in 

VERTICAL  TUBULAR 
STEEL  RADIATORS 

PATENTED  FM 

turnstile  radiators 

V^^'e’re  "all  for  Vic¬ 

tory.  liut  our  engineers 
are  ready  to  work  with 
you  on  post-war  plans.  ^ 

JOHN  E.LINGO  i  lON.f* 


CAMDEN,  NEW  JE"5EV 


Professional  Services 


STANLEY  D.  EILENBERGER 

Contuliing  Engineer 
INDUSTRIAL.  BL.BCTRONIC8 
Peelfn — Development — Modelk 
Complete  LnbomtoiT  nnd  Shop  VoellltlM 
6S<W-1S— S7tli  Ave. 

Kenoohn,  Wlo.  Telephone  t-4SU 


j.  L.  A.  McLaughlin 

Designer  of 

Communications  Receivers 
P.  O.  Box  S29,  LaJoIIa,  CaUf. 


JOSEPH  RAZEK,  Ph.D. 

Consulting  Physicist 

UooCrieol  and  Enalnaarliic  Problmf 

InstnuMnU  and  Control  Derlow  Dactronloi 
SpaolaUata  In  OolorlmatrT,  Spactophotometry  and 
Induatrlal  Color  Control 
Lnboratory  and  Shop  raoUltlaa 
202  Darty  Read  Uaatrah.  Pa. 

Phone  HiUtop  MIO 


WOODWARD  &  KEEL 

Consulting  Engineers 
Industrial  Electronics 
V  Communications 
Earle  Bldg.,  Washington  4,  D.  C 
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the  number  of  individual  elements. 

(2)  For  a  scanning  aperture  of 
i  wavelength  and  an  upper  fre¬ 
quency  limit  of  9000  cps  (motion 
picture  practice)  we  arrive  at  a 
figure  of  18,000  scanning  elements 
per  second. 

(3)  194,481/18,000  equals  about 
11  seconds,  the  playing  time  of  the 
record. 

Assuming  that  a  short  recording 
like  this  might  have  a  limited  use¬ 
fulness  for  some  purposes,  I  sug¬ 
gest  that  surplus  inventive  energy 
be  devoted  to  the  slight  problem  of 
tracking  and  avoidance  of  cross¬ 
talk  between  lines. 

(b)  Mr.  Pennie’s  suggestion  of 
a  mechanical  system  obvi¬ 
ously  removes  the  “elec¬ 
tronic”  from  the  proposal, 
and  takes  most  of  the  fun 
away.  I  suggest  as  a  further 
refinement  that  the  scanning 
source  be  made  fixed,  and  the 
record  move  past  it.  A  drum 
might  be  covered  with  tin- 
foil,  for  instance,  and  slow, 
stable  motion  imparted  to  it 
with  a  hand  crank. 

John  R.  Cooney 

WaUoboro,  Maine 


More  on  Recording 

The  PILLOWING  NOTE  on  recording 
is  probably  not  original,  but  the 
writer  has  seen  no  mention  of  it  in 
the  literature  and  it  is  perhaps 
worthy  of  particular  attention  in 
these  days  of  conservation. 

The  maximum  playing  time  of  a 
disc  record  is  realized  when  the  re¬ 
corded  surface  extends  from  the 
outside  of  the  record  to  half  way 
toward  the  center  and  no  further. 
To  carry  the  recording  beyond  this 
point  represents  a  loss  of  fidelity  or 
a  waste  of  possible  recording  time. 

In  the  final  analysis  the  factors 
which  limit  the  amount  of  time  that 
can  be  recorded  on  a  record  are  the 
material  of  the  record  and  the  re¬ 
quired  fidelity  of  the  recording. 
These  two  factors  together  deter¬ 
mine  the  minimum  allowable  veloc¬ 
ity  of  the  groove  with  respect  to  the 
stylus.  Consideration  of  this  leads 
directly  to  the  conclusion  stated  in 
the  paragraph  above. 

The  playing  time,  T,  of  a  disc 
record,  may  be  written: 

r  -  (R  -  r)  - 
{Continued  on  page  360) 
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CARBON 

BRUSHES 


whan:  R  k  the  outer  radius  of  the  recorded 
■urfaoe 

r  is  the  inner  radius  of  the  recorded 
surface 

n  is  the  number  of  (rooves  per  unit 
radius 

w  is  the  angular  vdoeity  (rpm  if  T  is 
minutes.) 

The  minimum  track  velocity  oc¬ 
curs  at  Uie  inner  radius,  r.  Suppose, 
then,  that  the  required  fidelity  and 
the  recording  material  determine 
V,  the  minimum  allowable  track 
velocity.  Then : 

#  -  2r 
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TYPt 

Acteol  Slaa 
OtMr  type* 


Substituting  this  value  for  o  in 
the  first  equation,  differentiating 
with  respect  to  r  and  equating  to 
zero,  gives, 

A  -  2r 

The  outer  radius,  R,  is  deter¬ 
mined  by  the  diameter  of  the  rec¬ 
ord,  hence  turntable  speed  should 
be  chosen  according  to  the  formula: 


There  are  several  outstanding  Etd- 
vantages  in  adhering  to  the  fore¬ 
going  relationships,  not  the  least 
of  which  is  the  greatly  increased 
wearing  time  of  a  record  recorded 
only  half  way  in.  The  outstanding 
disadvantage  is,  of  course,  the  ne¬ 
cessity  of  changing  the  turntable 
{Continued  on  page  366) 
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ossnmblins  to  untrolnad  os  wall  as  •>* 
pnrtoncnd  opnrotors.  A  sfanpl#  ritoxl 
that  shownd  tubnlatlng  a  small  glow 
ashenut  tnbn  to  thn  medn  balh  radsce<l 
mioctions  by  obont  25  pnreont 
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MEASURES 

lUANTlTIES 
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speed.  To  any  company  that  makes 
recordings  strictly  for  its  own  use, 
to  be  played  only  on  its  own  turn¬ 
tables,  the  disadvantage  is  small. 
To  the  amateur  who  does  his  own 
mechanical  work  and  records  for 
pleasure,  it  is  practically  no  disad¬ 
vantage;  the  writer  has  found  that, 
taking  into  consideration  the  high 
frequency  response  of  his  cutting 
head,  about  eight  minutes  can  be 
put  onto  a  cheap  ten-inch  disc  with¬ 
out  serious  loss. 

Sutherland  Macklem 
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Inductance  Bridge 


fATS.  Aff.  fOK 


TECH  LAB  MICROHMMETER 


gtees  direfi  and  instantaneou* 
readin/^a  of  reautance  values  down  to 
5  microhms  and  vp  to  1,000,000  mo* 
gohms.  Acevrocy  in  oil  moosuromonfs  to 
bottor  than  2%.  Ootpvt  is  sufHciont  to 
drivo  rocordor.  Enliroiy  AC  oporotod. 
Fumishod  fci  two  modols.  toosonobiy 
prompt  doihrorios.  For  compioto  data 
rogording  othor  applkatiom  writ*  for 
Bvliotin  No.  432. 


Several  questions  have  arisen  in 
connection  with  Mr.  Mittleman’s 
article  in  February  Electronics 
(“Inductance  Bridge  for  Communi¬ 
cation  Circuits.”)  The  following 
comments,  contributed  by  Mr.  Mit- 
tleman  should  be  useful  to  readers 
who  have  been  interested  in  this 
article. 

The  maximum  inductance  which 
it  is  practical  to  measure  on  this 
bridge  is  about  250  microhenries 
as  the  instrument  has  been  de¬ 
scribed. 

The  25,000  ohm  resistor  in  the 
I  cathode  circuit  of  the  6C5  tube  is 
I  intended  to  establish  the  initial  op- 
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We  can  handle  and  are  handling 
big  orders  for  permanent  mag¬ 
nets  .  .  .  handling  orders  from 
many  exacting  manufacturers  of 
electronics  equipment  including 
Sperry,  Philco,  Galvin,  Motorola, 
Raytheon,  Bendix  and  others. 

We  have  the  skilled  workmen 
and  the  manufacturing  facilities 
.  .  .  and  the  experienced  engi¬ 
neers  to  help  you  design  the  best 
type  of  permanent  magnet  for 
your  equipment. 
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counts  .  .  .  the  EAR  TEST. 
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A  copy  of  “PICKUP  FACTS”  is 
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"Creators  of  High  Grade  Electrical 
and  Acoushtxtl  Apparatus  Since  1915." 


erating  condition  of  the  vacuum- 
tube  voltmeter.  In  the  absence  of  a 
signal,  the  catRbde  resistor  is  ad¬ 
justed  until  the  plate  current  of  the 
6G5  reads  1  milliampere,  normal 
plate  current  as  indicated  in  the 
schematic  diagram. 

The  abbreviations  S.L.F.  and 
S.L.G.  have  been  used  for  about  two 
decades  to  mean  “straight  line  fre¬ 
quency”  and  “straight  line  capaci¬ 
tance”  when  applied  to  condensers. 
An  S.L.F.  condenser  is  one  in  which 
capacitance  varies  in  such  a  way 
that  the  frequency  of  a  tuned  cir¬ 
cuit  is  proportional  to  the  angle  of 
rotation  of  the  rotary  plate.  On  the 
other  hand,  an  S.L.C.  condenser  is 
one  in  which  the  capacitance  is  di¬ 
rectly  proportional  to  the  angle  of 
rotation  of  the  rotary  plate. 

Condenser  C,  should  be  shown  as 
a  variable  condenser.  This  is  the 
zero  adjustment  shown  as  the  small 
condenser  in  the  center  of  the  panel 
just  above  the  binding  post.  The 
condenser  C,  shown  in  the  sche¬ 
matic  wiring  diagram  as  300  p-pi 
S.L.G.  is  in  reality  an  adjustable 
condenser  which  is  fixed  in  capaci¬ 
tance  once  it  is  adjusted.  The  other 
two  condensers  shown  associated 
with  switch  Sw,  should  be  variable 
as  shown. 

B.  Dudley 
Western  Editor,  Elbctronicr 
Ohteaffo 
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Uaad  to  diraol  iiraman  from  tha  itroat 
at  a  racant  fira  in  Naw  YoA  CHy.  this 
woUda-tolkia  is  tastad  by  ossistont  fira 
chiaf  John  J.  McCarthy.  Tha  firamon  at 
tha  right  is  contacting  fira  haodquartars 
with  a  two-woy  radio-talaphona  in  tha 
car 
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